Undergrartuat 
tuatg ann A 
Y |54 


l rary Aa 4 
Y \f ’ 


The — 


VCIENTIFIC MONTHLY 


January 1944 


CONTENTS 


Synthetic Rubber ............ +... .&.R.Gilliland 5 
The Amazon—Has It Been Fully Discovered? . . . . Albert F. Kunze 16 
Agar: A Valuable Seaweed Product. ....... . .C.K. Tseng 24 
Electric Waves—Long and Short . . ....... . J.O.Perrine 33 
Tropical Medicine: Its Scope and Present Status . . . . £.H.Hudson 42 
Newtonian and Other Forms of Gravitational Theory. . . G. D. Birkhoff 49 


The African Origins of the American Negro and His Ethnic Composition 
:* 4 M. F. Ashley Montagu 58 


Population Problems of a New World Order. . ... . . . Karl Sax 66 
Sunshine and Cloudiness in the United States . . . Stephen S. Visher 72 
DTI 5 6 +s bs te tw eee eee ene ene es 
EE Ee ae a ae ee ee ee ee 
es Ce te eee ee a ee ee 8} 6! eee 





PUBLISHED BY THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


Smithsonian Institution Building, Washington 25, D. C. 






































Publications of the American Association 


for the Advancement of Science 


SYMPOSIA 
(7 x 10} inches, double column, illustrated, cloth bound ) Welces ts 
Members Others 


Tuberculosis and Leprosy. 24 authors; 133 pages. 1938... $2.50 $3.00 
Syphilis (out of print). 33 authors; 193 pages. 1938 2.50 3.00 
Recent Advances in Surface Chemistry and Chemical Physics. 

9 authors; 133 pages. 1939 2.50 3.00 
The Migration and Conservation of Salmon. 9 authors; 106 

pages. 1939 : 2.00 2.50 
Mental Health. 94 authors; 478 pages. 1939 . 3.50 4.50 
Problems of Lake Biology. 9 authors; 142 pages. 1939 2.00 2.50 
The Gonococcus and Gonococcal Infection (out of print). 

45 authors; 171 pages. 1939 2.50 3.00 


Genetics of Pathogenic Organisms. 11 authors;90 pp. 1940 2.00 2.50 
Blood, Heart and Circulation. 53 authors; 339 pages. 1940 3.00 4.25 


The Cell and Protoplasm. 17 authors; 211 pages. 1940 .... 2.50 3.00 
Human Malaria. 42 authors; 406 pages. 1941 4.00 5.00 
Liebig and After Liebig—A Century of Progress in Agricul- 

tural Chemistry. 9 authors; 119 pages. 1942 2.50 3.00 
Aerobiology. 55 authors; 299 pages. 1942 3.50 4.00 
Relapsing Fever. 25 authors; 136 pages. 1942 2.50 3.00 
Fluorine and Dental Health. 13 authors; 107 pages. 1942 2.50 3.00 
Laboratory Procedures in Studies of Chemical Control of 

Insects. 53 authors; 214 pages. 1943 3.50 4.00 
Surface Chemistry. 15 authors; 168 pages. 1943 ... 2.75 3.25 


NONTECHNICAL PUBLICATIONS 


(6 x 84 inches, illustrated, cloth bound) FO gy a 
Multiple Human Births—Twins and Supertwins. 1940 . . $2.00 $2.50 
Strange Malady—The Story of Allergy. 285 pages. 1941 2.50 3.00 
Alcohol Explored. 305 pages. 1942 batats + 2.25 2.75 
Man’s Food: Its Rhyme or Reason. 223 pages. 1943 2.00 2.50 


THE SCIENTIFIC MONTHLY 


Through this recently acquired magazine, now in its 58th volume, the 
Association aims to interpret broadly to the thoughtful public the progress of 
science and its relations to the problems confronting civilization. Subscrip- 
tions, $5 per calendar year; 50 cents per copy. 


THE AA.A.S. BULLETIN 


The Bulletin is published monthly by the Association and is sent without 
charge to all members. To others, $1 per calendar year; 10 cents per copy. 


For further information about the Association address the Office of the Perma- 
nent Secretary. 


American Association for the Advancement of Science 
Smithsonian Institution Building Washington 25, D. C. 




















Uaderergduate 
Library 


THE SCIENTIFIC MONTHLY) i 





Westinghouse generators make power for a nation at war... 





From the world’s largest water-wheel generators at Grand Coulee Dam— 
from Westinghouse steam-driven generators in power plants throughout 
the nation—flow billions of kilowatts of electric power to turn the wheeis 
of America’s war industry. 


Westinghouse combines the power of 





a thousand human skills .. . 





A workman at a lathe, a girl on an assembly 
line, an engineer on the test floor—theirs, and 
the countless other skills of 103,000 Westing- 
house employes, are welded into a single great 
production force. Their vast experience and 
knowledge help to produce the vitally needed 
power-generating equipment to drive America’s 
mighty war machine. 





Westinghouse contributes the power 








of immense new knowledge... 





When the incredible weapons born of 
wartime research are reforged for peace- 
time service, the daily miracles that 
electricity will perform are certain to 
create new and finer standards of living 
. . While the cost of electricity continues 
to decrease as our nation’s power - gen - 
erating capacity continues to increase. 
Westinghouse Electric & Manufacturing 
Company, Pittsburgh, Pennsylvania. 
Plants in 25 cities—offices everywhere 
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THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


Founding and Organization 


In 1848, on September 20, the Association 
was formally organized and held its first meet- 
ing; in 1874 it was incorporated under the laws 
of the Commonwealth of Massachusetts and 
given the right to receive, purchase, hold and 
convey property. Its governing body is 
Council, now having 255 members. 

The Association is national in scope, with 
membership open to the whole world on equal 
terms, and its interests include the broad fields 
of the natural and the social sciences. Its varied 
activities are carried on under 16 sections with 
which 187 affiliated societies, having a combined 
membership of nearly a million, cooperate in 
organizing programs for its meetings. 


Members and Meetings 


All persons engaged in scientifie work, all 
who find pleasure in following scientific dis 
coveries, all who believe that through the nat- 
ural and social sciences a better society may be 
achieved are eligible for membership in the As 
sociation. From its founding the most distin 
guished of American scientists, including every 
American Nobel Laureate in science and ever) 
president of the National Academy of Science, 
have been members. The names of many um 
versity presidents, of eminent scholars in widel) 


different fields, and of men notable for pul 
service, including a United States Senator, 
Justice of the Supreme Court, and a for 
president of the United States, are now on 
roll of nearly 25,000 members. 

The Association’s meetings are field days 
science attended by thousands of participar 
and spectators at which hundreds vie with « 
another for the pleasure and the honor of p 
senting results of researches of the great 
benefit to their fellow men. An _ enlighte: 
daily press reports their proceedings through 
the country. 


Opportunity and Responsibility 


A world torn by conflicts and fearful of 
future is looking more and more toward scie) 
tists for leadership. The opportunity for w 
paralleled service is theirs and the fact that th 
have available the only essentially new method 
if not purposes, imposes an equal responsibilit 
For these reasons it will be the Association’ 
steadfast purpose to promote closer relatior 
among the natural and the social scientists, an 
between all scientists and other persons wit 
similar aspirations, to the end that they togeth« 
may discover means of attaining an orderlines 
in human relations comparable to that whic! 
they find in the natural world about them. 
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Twentieth Century Philosophy. Edited by D. D. 
RUNES 571 pp. 1943. $5.00, Philosophical 
Library. 


The editor has assembled twenty-two essays by out 
standing present-day thinkers in an effort to review 
broadly the philosophical trends current in the world 
Representatives of various conflicting schools and 
movements are included The book begins with an 
essay on ethics by the late James H, Tufts 


Plants and Vitamins. W. H.ScHoprer. Trans 
lated by N. L. NOEKER. [ll. XIV 293 pp. 1943 


$4.75. Chronica Botanica. 


The author of this important work on vitamins in 
the light of general physiology is director of the Bo 
tanical Institute, University of Bern The book 
demonstrates that “the loss of capacity to synthesize 
vitamins by a plant leads it to the same level as that 
occupied by an animal.” 


Food and Farming in Post-War Europe. P. L. 
YATES and D, WarRINER, Ill. v+118 pp. Sept., 
1943. $1.25. Oxford. 


An Oxford pamphlet on world affairs, this little book 
takes up the gigantic problems concerning the post-war 
welfare of Europe’s peasantry and points out, with 
factual data, the urgent need of a vast program to 
raise the standards of the cultivators of the old world 


Drying and Dehydration of Foods. IH]. W. Von 
LOESECKE., Il. 302 pp. Aug., 1943. = $4.25. 
Reinhold. 


This is a descriptive outline of the procedure and 
practices concerned with a relatively new large-scale 
industry in this country. The authoritative writer is 
a research chemist of the Dehydration Committee of 
the Bureau of Agricultural Chemistry and Engineer 
ing, U. S. Department of Agriculture 


Electricity. (CHARLES A. RINDE. MII). xii +466 
pp. 1948. $2.50. Harcourt, Brace. 


This book is organized around the War Department’s 
outline, Fundamentals of Electricity; it carries the 
uninitiated through detailed explanations of electrical 
devices and their application to civilian and military 
life. Its central theme is the control of electrons in 
this age of electricity 


Burma Surgeon. GorpdON S. SEAGRAVE. Ill. 295 
pp. 1945. $3.00. Norton. 


A medical missionary, who practiced in the North 
Shan States from 1922 until he became a Lieutenant 
Colonel of the U. S. Army when the war broke over 
Burma, relates the stirring story of the heroic retreat 
with General Stilwell through the terrible jungle to 
India 


The American-Born in Canada. R. H. Coats and 
M. C. MACLEAN. xvili+ 176 pp. 1943. $3.75. 
Ryerson. 


One of a series of three studies on Canadian-Ameri 
can migration, this book by two eminent Canadian sta 
tisticians presents a statistical interpretation of the 
substantial migrations made across the border in both 
directions The United States, according to the 1931 
census, was second contributor of immigrants into 
Canada, England being first. 


Man’s Food: Its Rhyme or Reason. Mark GRAI 
BARD. x+213 pp. Nov., 1943. $2.50. Mae 
millan. 


The attitudes of man toward food throughout the 
ages are vividly described, analyzed and illustrated to 
show that food habits are primarily psychological 
rather than biological. The nutritional value of vari 
ous foods and the need for dietary education to combat 
harmful traditional food habits are also discussed. 
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The Bell System Technical Journal. In 1928 and 
1930 Dr. Perrine gave the de Forest lecture in 
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demonstrations on electrical communications be 
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in the United States and Canada. 
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papers extramural aerobiology 
which is concerned with the distribution 
of living organisms by the exterior air 
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their distribution. Twenty-nine papers 
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problem of contagion by air-borne in- 
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illustrated, references 


Another of the Symposia Series, con- 
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plementary contributions on (1) rearing 
test insects, (2) rearing insects that at- 
tack stored products, (3) rearing insects 
affecting man and animals, (4) methods 
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the laboratory, and (5) statistical meth- 
ods. Bibliography of 500 references. 
Two indexes, one of scientific names and 
the other of common names of insects. 
Published in 1943. $4.00. 
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Supervisor in a Sharp & Dohme plant tells an assistant that watching the resistance 
tilled water, on the Micromax Recorder, is a necessary first step in preparing “pyrogen-free” 
water for bottling 


STILLS PRODUCE PURER WATER 
With Help of MICROMAX Recorder 


In the daily distilling of thousands of gallons of water for blood-plasma 
and other pharmaceutical use, technicians in the big Philadelphia plant of 
Sharp & Dohme Inc. of course check the water’s purity in various ways which 


other labs neither use nor need. 


But S & D make at least one check which may be useful wherever an 
automatic still is running—they use a Micromax Recorder to keep them 
informed of the water’s electrolytic resistance, as a guide to the proper oper- 
ation of the still. High resistance means purity; if the resistance drops, the 
result might be the contamination of a big batch of water, and Micromax 


helps prevent this loss of material urgently needed for blood plasma. 


This Micromax 1s described in Catalog EN-95, sent free on re quest. 
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The Spark that Lights the Flame of Victory 


A pinpoint of fighting metal 
placed in the arc of the spec- 
* trograph writes its own sig- 
nature ona photographic plate. 
Inside the instrument, the light from that 
flame is broken up by a prism as a prism 
breaks up sunlight. Each element identifies 
itself by a series of characteristic lines, 
always the same for the same basic element. 
It reveals to the spectrographer each con- 
stituent, what impurities are present and in 
what quantities. 

Thus spectrography helps in control and 
inspection. It keeps tough fighting steels 
tough, helps in development of new fight- 
ing metals. Spectrography is used, too, in 
other fields to speed research and analysis 





. chemicals, foodstuffs, vitamins. 

Because Bausch & Lomb had long ex 
perience with such precision optical equip 
ment, it was ready for quantity production 
of gunfire control instruments, binoculars 
and aerial photographic lenses. When the 
last gun is fired, Bausch & Lomb will de 
vote its enlarged experience to peacetime 
optical production. 


BAUSCH & LOMB 


OPTICAL CO.» ROCHESTER, N. ¥ 


Heghe oyfaniile Cue ralysi7 January fA. 
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SYNTHETIC RUBBER 


By E. R. GILLILAND 


By occupying the Malay Peninsula and 


the islands of the southwest Pacific Ocean, 


le 


the Japanese precipitated a serious problem 


for this country because most of its rubber 


has come from that region. Directly or in 


Mirectly, rubber vitally affects nearly every 
aspect of our lives. To have the source of 
its supply suddenly cut off was almost dis 
astrous. 

It was very fortunate that an extended 
research and development program on mak 
ing rubber or a material having similar 
physical and chemical properties had been 
carried on by scientists of various educa 


The cle 
rubber plantations re 


tional and commercial institutions. 
velopment of new 
quires several vears even when suitable trop 
ical areas are available. The tropical areas 
of Central and South America are not well 
adapted to the development of such planta 
tions because of certain plant diseases that, 
in those areas, attack the present type of 
rubber trees. It is probable that trees resis 
tant to those diseases can be developed, but 
such a program would require a long experi 
mental period. 


English and German chemists were the 
first to attempt to make rubber—true rubber, 
not some other substance having similar 
properties. In order to make a chemical 
compound the first step normally is to find 
the chemical elements—oxvegen, hydrogen, 
carbon, etec.—of which it is composed. But 
this is not enough. It is necessary also to 
find how the elements are joined together. 
There are common examples of chemical com- 
pounds that are composed of precisely equal 


numbers of the same ato us, but whi ( 
ereatiy in thei properties 
The Enelsh and German chemists who 
were working on natural rubber easily found 
its constituent elements and concluded that 
those elements were joined together into a 
chemical compound called Isoprene.”’ on 
eroups of isoprene molecules linxed together 
At least, by suitable chemical treatment, nat 
ural rubber can be broken down to isoprene 
or to chains of Isoprehe molecules It S 
likely, if not certain, that rubber owes its re 
markable properties to long chains of mole 
cules formed by the JOIN OF Isoprene or 
similar units. When a molecule joins wit! 
similar molecules to form a chain, the proe 
ess Is called) polymerization This type o 
reaction has become ot primary importance 
not only in the production of rubber but also 
throughout the petroleum and plastic indus 
tries and elsewhere in industrial chemistry 
A large amount of experimental work was 
carried out on the polymerization of iso 
prene None of these experiments resulted 


1 polvnu Is having properties the same as 


those of natural rubber This is not su 
prising when one considers the large nun 
ber of ways in which isoprene can combine 
with itself. In fact, there are natural sub 
stances which can be considered polymers of 
isoprene just as much as rubber is, but whiel 
have considerably different characteristics : 
eutta-percha is one example 

This experimental work on the polymeri 
zation of isoprene was carried out in a period 
when the cost of rubber was hieh and before 
plantation rubber had really been developed 
With the lowering of the cost of rubber. the 


incentive to develop such materials became 
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Another deterrent has been the diffi- 
cult problem of obtainine isoprene of hich 


hieh 


in 


less. 


purity. Isoprene can be produced by 
temperature cracking of turpentine and, 
very low vields, by high temperature crack 
ing of petroleum compounds, but both proe- 
esses give products that require further puri 
fication—a rather difficult problem. 
Following this period, the emphasis has 
shifted almost completely from attempts to 
produce true rubber bv svnthetic processes 
to attempts to produce materials that have 
properties similar to those of natural rub- 
ber and which can be produced from easily 
These rubber-like 
the 
this term 


obtainable raw materials. 


materials have inherited appellation 


be- 


‘*svnthetic rubber,’’ and has 
come a generic name for the whole group. 
In the 


material can be easily worked, molded and 


‘‘erude’’ state a good rubber-like 
shaped, and then can be changed chemically 
into a strong, elastic material that will resist 
deformation. Asa result of intensive studies, 
chemists concluded that those organic mate- 
rials having’ elastic properties are composed 
of very long, thin molecules. The ratio of 
length to diameter of a fully extended mole- 
eule may be as great as several thousand to 
Such molecules in the unvuleanized, or 


rubber are presumably 


one. 
uncured, form of 
ereatly contracted in length and interwoven 
with one another. When a mass of such ma- 
terial is molded or shaped by being subjected 
to pressure or stretching, its individual mole- 
eules are actually displaced relative to one 
If then, by chemical processes, these 
long chain molecules can be tied together, 
further displacement relative to one another 
becomes much more difficult and the mate- 


another. 


rial acquires the property of resisting forces 
that otherwise would cause permanent de- 
formation. However, to the 
tracted condition of the molecules, the ma- 
terial can still be extended. In this process 
the molecules are simply pulled out somewhat 
like a spring without causing their rear- 


owing con- 


rangement. 

In natural rubber the vuleanizing, or knit- 
tine together, of the rubber structure is gen- 
erally carried out by the addition of sulfur, 
although in special cases oxygen is used. 
The mechanism of this process is not defi- 
nitely known, but it is believed that the 
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chemically unsaturated rubber mol 


combine with other molecules or atoms. 
form ve of bride 


as sulfur, and some ty} 


connection between adjacent rubber ! 
cules. 


The 
studies to the production of long chain 1 


chemists, therefore, directed 
cules that have this unsaturation chara 
istic and that can be locked together by 


In 


are Yrea 


canization or an equivalent process. 
that 
available or that can be prepared easily 
l 


eral, chemical substances 


nomically, and in high purity are 
molecular weight, but only those capab 
combining to form long chains are usefu 
the production of rubber-like substances 

The class of compounds that most mn 


fits these two requirements of ecombinit be 


form long chains and of having resi ti 

chemical properties suitable for vulea 

tion are the diolefins. Olefin is a gen 2 

name for certain compounds of hydro s 

and carbon that, because thev are uns: 

rated, combine more or less easily with ot 

materials. A diolefin has two SLrOups hay 

the olefin characteristic in the same molec 

One of these unsaturated groups can be ¢ 

ploved to combine with other molecules vA 

form the long chains, leaving the other 

saturated group for use in the eross-lock 

of molecules in the vuleanization step. T 

diolefin group comprises a large numbet 

chemical compounds, but only a relatiy 

few of them can be prepared easily and « U 

nomically on a large seale. Isoprene is P] 

member of the diolefin class which conta Ca 

five carbon atoms to a molecule, but, as , 

been pointed out, this particular compou a 

is somewhat difficult to prepare. Of all 1 a 

diolefins, butadiene is perhaps the easiest sn 

prepare, and for that reason has become 1 ru 

basic raw material of most of the curr 

svuthetic rubber production. It has “a 

carbon atoms and six hydrogen atoms wn 

the molecule. Another diolefin that is e th 

ploved in the present Government progra nu 

is chloroprene, a chlorinated butadiene. | m= 

methyl butadiene was emploved by the G: - 

mans during World War I to prepare al 

so-called methyl rubber. he 
Butadiene can be polymerized in a numl 

of ways, but for most uses it has been fou ea: 

advantageous to copolymerize it with ot! hi: 
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oreanic molecules, such as styrene, acrylo hey give hig! s 
nitrile and the various acrylates. These 1 tive to the quantity of the startn 
terlals can be made to react with butadiene rod tol Prot vas 
during the pols merization. or chain forming, a high temp tl SS 
yrOCRSS. In other words, the lone ‘hain treatment in which the larger mole S 
molecule is composed of a mixture of the two DrOKe! ip wit! e op ) ‘ 
types of molecules, probably somewhat ir percentae but C1 ! 
r oularls spaced. The addition of these ma Of other materials 
terials gives an improved synthetic rubber n the aleohol process, er 
often possessing very desirable special prop ethyl alcohol fr ther sources is 
erties. produce ab acdklelte ra ! retal 
1] high purity The equipment necessar 
i nie concentrating this fraction 
Che United States Government program LieiMBieay ta viteihlealy alaial <a 
neludes the production of three types ol eae ied sie ean, cities ae 
synthetic rubber—Buna-S, Butvl, and Neo een hap tay eine ae ee 
signed Tor the Government progran 


prene. For this program the products have 
been named GR-S, GR-I, and GR-M. respec 


Carbide and Carbon Chemical Corporation 
‘| hese }) ants w produce 271) OOO short tons 
tively Yo] ’ : _ » 

. of butachene per vear he first. loeat 


The annual rated eapacities in lone tons : ; 
| Institute, West Virginia, and havine’ a rate 


2.240 pounds) of the rubber plants con 


TOnHS | as Dee 


x i annual capacity of SO.000 short 
structed and under construction in the 


; on completed for several months and is opet 
United States and Canada are as follows: avs 
atine very succeesstull he Twa othe 
GR-S £99,000 plants, located at Kobuta, Penusvivania, and 
GR-I 75.000 . 1 , . . 
Louisville, Kentucky. and havine rated an 


GR-M $0,000 


nual capacities of 80,000 and 60.000. short 


In addition, the annual production of pri- — tons, respectively, are now producing but: 
vateiv owned plants will be as follows: diene. The plants at Institute and Louis 
Neoprene 9,000 Ville are operated for the Government. | 

Buna-N 24,000 the Carbide and Carbon Chemieal Corpora 


tion, and the plant at Kobuta is operated b 
PropucTION oF GR-S (BuNA-S) the K soni: Yalan 20 toiaiatacna 
TH) \oppel hitec hipaa 

GR-S is the main synthetic rubber of the A different type of process for produen 
United States and Canadian programs. butadiene from alcohol is being consti 
Plants under construction have a_ rated by the Biegler Chemical Company, emplovine 
capacity when complete of 735,000 long tons the so-called Publicker, or Szukiewicz. pro 
per vear, which is 86 percent of the expected eSS. This alcohol process apparent 
total. GR-S is a copolymer of butadiene and — fairly similar to the method emploved by the 
stvrene and was chosen because it is a gen Russians for the production of essentia 
eral purpose rubber that can replace natural their butadiene. 
rubber in most uses. These alcohol processes produce from twe 

Preparation of Raw Materials. Butadiene, to two and a half pounds of butadiene per 
which constitutes the largest tonnage of raw gallon of 95 percent aleohol. In venera 


material employed in the Government syn- about 2.7 gallons of such alcohol can be pro 
thetic program, can be prepared from a large duced per bushel of corn In other words. 


number of substances in a number of differ- one bushel of corn will produce between 5.5 
ent ways. Actually, it is being made from and 6.8 pounds of butadiene. Therefore, b 
each of the following four products: ethyl this type of operation, even high quality 
aleohol, butylene, butane, and gasoline and farm land would ‘produce only enough erain 
heavier petroleum products. per acre, per vear, to make butadiene equiva 

The reactants concerned in the first three lent to approximately 350 pounds of svi 
cases are treated catalytically at relatively thetic rubber, which is substantially less than 
high temperatures and low pressures, and — the 450 pounds of natural rubber that can b 
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TOP VIEW OF THE REACTORS IN THE STANDARD GR-S PLANT to rel 
essal\ 
produced per acre in the tropics. If wheat is product of the refinery operations, sucl carrie 
emploved for the production of butadiene, catalytic and thermal cracking. Norm venat 
the quantity that can be produced per acre is — butylene differs from butadiene only in hi volvi 
only about one-third that obtainable from ing two more hvdrogen atoms per molec proce 
corn, but the percentage of the farm land of —§ The procedure involves the removal of tl ture « 
the United States suitable for wheat produc two extra atoms by a process called dehyva the c 
tion is much greater than that for corn venation. The operation is carried out to bu 
The plants employing the process for pro- contacting butylenes with a catalyst at h of the 
ducing butadiene from butylenes have a total temperature. A portion of the butyvlenes butad 
annual rated capacity of 292,090 short tons. converted to butadiene, which is then } the n 
The normal butvlenes emploved are a by moved and purified, while the unreact evcler 
LOW 
TABLE 1. PLANTS SCHEDULED FOR THE PRODUCTION OF BUTADIENE FROM BUTYLENES proce 
lene, 
Operating company Location Annual capa butan 
Standard Oil Co. of Louisiana Baton Rouge, La 15.000 hetad 
Humble Oil & Refining Co, Baytown, Tex. 30.000 
Shell Chemical Co. Torrance, Calif. 12.000 lenes 
Neches Butane Products Co. Port Neches, Tex 100,000 Th 
Sinclair Rubber, Inc. Houston, Tex. 50,000 tion 
Polymer Ltd. Sarnia, Canada 30,000 T) 
Cities Service Refining Corp. Lake Charles, La. 55.000 7 = 


29? OOO Unitec 
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butvlenes are recycled for further conver- year by the butane process. Two plants at 
‘ome Such a process produces about 2.7 employing the so-called one-stage method 
pounds of butadiene per gallon of butylene. known as the Houdry precess. Both hav 
The butylene dehydrogenation process, annual rated capacities of 15,000 short tons 
which will be used in seven plants scheduled of butadiene One of the plants wi be 
for the United States and Canada, was devel- operated by the Sun Oil Company at Toledo, 


oped by the Standard Oil Company of New Ohio, and the other by the Standard © 


Jersey. Table 1 lists the companies that will Company of California at El Segundo, Ca 


operate the plants for the Government,* to fornia A plant emplovine the two-star 

eether with their locations and annual rated — process is being operated by the Phillips 

capacities in short tons (2,000 pounds Petroleum Company at Borger, Texas. This 
The plants at Baton Rouge and Baytown unit has an annual rated capacity of 45,000 

are in operation, and construction of most of — short tons of butadiene 

the others is nearing completion. This type of operation produces about tw 
The process for preparing butadiene from pounds of butadiene per gallon of norma 

butane is somewhat similar to that employ butane. While the vields per eallon at 


f 


ine butvlene. Butane differs from butadiene  Jower than from butyl 


+ 


in containing four more atoms of hvdrogen = a raw material that is more available. ben 


TABLE 2. PLANTS SCHEDULED FOR THE PRODUCTION OF B ) P 

Ope rating Company Loca 

. ( Los Angeles 
Southern Calif. Gas Co.-Sh Chemical Co 11 , 
Standard Oil Co. of Louisiana Baton Rouge, L . 
Eastern States Petroleum Co. Houston, Tex s( 
Humble Oil & Refining Co. Ingleside, Tex. 
Lion Oil & Refining Co. El Dorado, A 
Tavlor Oil & Refining Co. ‘ pus ' 
per molecule. and it is. therefore. hecessary a constituent oO the hatura vas 
to remove twice as much hydrogen as is nee- in various parts of the United States 
essary with butylene. The actual process is The production of butadic 
carried out similarly by a catalytic dehydro end heavier petroleum fractions « VS 
venation operation at high temperatures in the foregoing processes becaust 
volvine either a one-stave or a two-stac a relatively minor traction of thr 
process. in the one-stage Operation a MIX put This thermal cerackiu ) . 
ture of butane and butyvlen > IS pass “(| over produces Hore t} al SIN pret “Pr | 
the catalyst and a portion is dehvdrogenated of butadiene from the material char: 
to butadiene, while simultaneously a portion Besides butadiene. this method produees 
of the butane is converted to butylene. The larve number of other valuab 1) 
butadiene is removed and concentrated, and a Ee) PA Vs are 
the mixture of butylene and butane is re — hie tolue 

. / prene, piperVvien 4 eh) He, TOL! 
evcled for further treatment with the addi ; 7 
5 ° lvhter vases ahd heavier residuals I 
tion of make-up butane. In the two-stage ep : 
: Integrated plan i ob Dut 
process, butane is dehvdrogenated to buty : . 
* number of these by-products, this methor 


lene, which is separated from the unreacted 


> will furnish a desirable process ror the pre 
butane and then further dehyvdrogenated ¢o 


; rn duction of butadiene. Tf the by-products 
butadiene. The unreacted butane and buty a rear 
i ; ; q are not eTiciently utilized, the process 
lenes are reeveled in their respective steps I 
rm . ‘ feasible OnIV aS ah emergvencVv operation 
The Government has scheduled a produce , fits 


The petroleum Practions are vaporized 


aha 


tion of 75,000 short tons of butadiene a 
— ; ; then treated at high temperatures either 
The Polymer Ltd. plant of Sarnia, Canada, ; 

tluded in some of these tables. is not a part of th a tubular furnace or in a revenerative 


+ 


United States Government program. brick-work. The products, which contain 
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GOVERNMENT OWNED BUTADIENE PLANT OPERATED BY HUMBLE OIL, BAYTOWN, TEXAS 


materials ranging from light gases to heavy 
hydrocarbons, are cooled and then fraction- 
ated to produce a narrow boiling fraction 
containing the butadiene. This is then 
treated for the recovery of the diolefin. Six 
plants have been scheduled for the Govern- 
ment program. The companies operating, 
their locations, and annual capacities in 
short tons are shown in Table 2. 

In addition to the Government plants, 
there are six butadiene plants that are pri- 
vately owned and operated. These plants 
are all in operation and have a combined 
annual production of approximately 25,000 
short tons of butadiene. 

When all plants, both private and govern- 
ment owned, are operating at capacity, the 
total butadiene production of the United 
States and Canada will be in excess of 690,- 
000 short tons per vear. 

In the absence of sufficient information, 
consideration of the relative merits of the 


processes based on petroleum raw materials 
and of those based on alcohol has led to heated 
At the present time both pro 


esses have operated long enough to clarif, 


discussions. 


the matter. 
be any very great difference in the eapita 


It appears that there will not 


investment per ton of capacity of the tw 
tvpes of plants, includine the necessary 
auxiliaries for the production of the feed 
materials, and that the operating costs pel 
pound of butadiene will be about the same 
for the various processes. It becomes, there 
fore, largely a matter of the relative cost of 
the raw materials emploved and the value ot 
the by-products produced. As indicated 
above, the petroleum processes will produce 
about 2.7 pounds of butadiene per gallon of 
butvlene, or 2 pounds per gallon of butane. 
while a gallon of aleohol will produce from 
2 to 2.5 pounds of butadiene. As far as 
initial feed stocks are concerned, it thus ap 
pears that the price of aleohol per gallon 





3 
- 
i 
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ild not ereatls exceed the corresponding 


e of butane or butylene if the processes 
to be competitive. Actually, the price of 
hol has been much higher than the cost 
these hydrocarbons. On the other hand 
alcohol process produces certain valuable 
vroducts, whereas the butane and buty 
: processes have only a waste gas as a by 
luet. Even with the eredit for these by 
ucts, it does not appear that aleohol car 
| ‘oduced from grain, at the prices that 
hi; prevailed over the past five vears, at a 


st low enough to be really competitive witl 
petroleum butadiene operations. How 

er, aleohol produced from molasses or svn 
thetic aleohol produced from ethylene could 
probably compete with butane and butylene 
as a raw material for butadiene production 
Actually, it has been possible to construct 
the alcohol butadiene plants and to brine 
them into operation appreciably faster than 
At the pres 
ent time a high percentage of the butadiene 


the petroleum butadiene units. 


is being produced by the alcohol operations, 
and it will be several months before the pro 
duction of the petroleum plants exceeds that 
of the alcohol units. 








butadiene In this ease the 


butvlene to 
‘rude mixture obtained bv the dehvdro 
venation reaction is separated by fract 


unreacted eT henzene 


distillation, and the 
is then reeveled for further reaction. S 


stvrenhe plants were scheduled 


TABLE 3. PLANTS SCHEDULED FO | Prop ON OF S 
Operating company Loeat | 
Monsanto Chemical Co. Texas City 
Dow Chemical Co. Los Angeles, ¢ P 
Carbide & Carbon Chemical Corp. Institute, W. \ 
Polyme Ltd. (Dow Sarnia, ¢ ) 
Koppers United Corp. Kob , Pa 7 
Dow Chemical Co. Velasco, Tr 
Styrene constitutes the other main in- ment program. “The companies operating 


eredient of GR-S. 
bining ethylene with benzene to form ethyv! 


It is prepared by com- 
benzene. This operation is carried out at 
moderate temperatures in the presence of a 
catalyst. Most of the benzene emploved is 
a by-product fraction obtained in the coking 
of coal, and the ethylene employed is pro 
duced either from ethyl aleohol or by crack 
ing of petroleum products. 

The ethylbenzene so obtained differs from 
styrene in the same way that butylene dif 
butadiene ; contains 
hvdrogen 


fers from namely, it 


two more atoms per molecule. 
Dehydrogenation of ethylbenzene to styrene 


is very similar to the dehydrogenation of 


and the locations and short ton capacities 
of their plants are shown in Table 3 

All these plants are now in full or part al 
Operation, and the processes appear to he 
satisfactor\ In addition to the above Gov 


ernment owned plants, there is a private 
plant of the Dow Chemical ¢ Oompanyv at Mid 
Michigan, which has been expanded 


A large por 


tion ot the production of this private 


land, 
during the present emergency 
plant 
has been emploved for the production of 
19438 


Butadiene and Stvrene 


GR-S during the present vear 
Polymer ation 
ean be polymerized in various ratios and in 


a number of wavs 


The process seleeted ror 
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the Government program involves the use 
of about 3.5 parts by weight of butadiene 


for each part of stvrene. The actual poiy- 


TABLE 4. 


the production of GR-S. The compa 
operating, and the locations and lone 


capacities are shown in Table 4. 


PLANTS SCHEDULED FOR THE PRODUCTION OF GR-S (BUNA-S 


Operating company Location Annual ca) 
Firestone Tire & Rubber Co. Akron, O. 30,001 
Goodyear Tire & Rubber Co. Akron, O. 30,001 
U. S. Rubber Co. Naugatuck, Conn. 30,006 
B. F. Goodrich Co. Louisville, Ky. 15,00 
U. S. Rubber Co. Institute, W. Va. 90.00 
Copolymer Corp. Baton Rouge, La. 0,001 
Goodyear Tire & Rubber Co. Los Angeles, Cal 60,00 
B. F. Goodrich Co. Louisville, Ky. 15.00 
B. F. Goodrich Co, Borger, Tex. $5,000 
General Tire & Rubber Co. Baytown, Tex. 30,00 
h. KF, Goodrich (‘o, Port Neches, Tex. 60,000 


National Synthetics 
Polymer Corp., Ltd. 
U.S. Rubber Co. 


Firestone Tire « Rubbe r Co, 


Louisville, Ky. 30.000 


Sarnia, Canada 








Goodyear Tire & Rubber Co. 
Firestone Tire & Rubber Co. Lake 


merization is carried out by emulsifving the 
butadiene and styrene with an aqueous solu- 
tion of the other chemical ingredients, and 
during the reaction period of between ten 
and twenty hours, about three-fourths of the 
butadiene and styrene are converted to the 
rubber-like material. In other words, the 
emulsified droplets of the liquified hydro- 
carbons are converted to small particles of 
solid rubber. When the reaction has pro 
ceeded to the desired degree, the unreacted 
butadiene and stvrene are removed and re- 


eveled to succeeding batches. In this Way 


TABLE 5. PLANTS SCHEDULED FOR THE 


O pe rating company 


Location 


Los Angeles, Cal. SO O00 
Port Neches, Tex. HO.001 
Houston, Tex. 60.000 

Charles, La. 60,000 


735,000 


At the present time sixteen of these se\ 
teen plants are in operation. 
PropuctTIONn oF GR-I (Bury. 


Buty! rubber is scheduled TO be produ 
at the rate of 75,000 tons per year when 


plants are in operation at rated capacities 


Three plants included in the Governny 


program (capacities in long tons) are list 
in Table 5. 

The Baton Rouge plant has begun op: 
tion and the two others are still under ¢ 


struction. 


PRODUCTION OF GR-I (BUTYL RUBBER 


Standard Oil Co. of Louisiana Baton Rouge, La. 38.000 
Humble Oil & Refining Co. saytown, Tex. 30.000 
Polymer Corp., Ltd. Sarnia, Canada 7.000 


a GR-S latex is obtained that is very similar 
in appearance to natural rubber latex. In 
other words, it is a milky suspension of the 
rubber particles. It can be used as a latex 
for certain dipping processes or it can be 
coagulated and the aqueous medium sepa- 
rated, by filtration. After drying, the rub- 
ber crumbs can be baled or sheeted and then 
handled on the usual rubber fabricating 
facilities. 

Production of GR-S. The Government 
program contemplates seventeen plants for 


5.000 


Raw Materials. 
from 96 percent to 99 percent isobutyle! 


Buty! rubber consists 


Isobutvlene is a low molecular weight hyd 
earbon containing four carbon atoms to 
molecule and having a single olefinic 

saturation. In the presence of the prop 
catalyst and under the proper conditions 
temperature and pressure, it has the pri 
erty of being polymerizable to an extreme 
high molecular weight, long chain compo 
In doing so the olefinic bonds of the isobut 
lene molecules are used in joining other is 














It re 






molecules to form the chain 


cuits ‘refore, in a material which is rub 
but which does not contain the re 

, hemical unsaturation necessary for 
ation. Isobutvlene polymerized in 

. form is called Vistanex, or polvisobuty 
d has a considerable use as a rubber 
terial. It is made vuleanizable by 
olymerizing a small amount of diolefinic 














STYRENE DISTILLATION COLUMNS, 


material, such as butadiene, isoprene or other 
liolefins, with the isobutylene. The addition 
of the diolefin leaves an unsaturation in the 
polymerized molecule that can be utilized for 
While other diolefins can be 


program 


vulcanization. 
emploved, the present GR-I con 


templates using a few percent of isoprene 
as the diolefinic material. 
by-product of the 
fractions, and it is concentrated by a series 


of extraction and fractionating steps to the 


Isobutvlene is a 


cracking of petroleum 
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DOW CHEMIE 


RU 


hiel 


reaction 


lIsoprene « to t) obta reo} vo 
sources: first, Trom therma LeCOMLPOS 
turpentine and, second as the D prodtuet 
butadiene production. The second source ts 
relaied to the thermal crackine of vaso 


+ ; 


and heavier petroleum fractions for the pro 


t . ” 
In this cracking pro 


duction of butadiene 














AL COMPANY, LOS ANGELES 


eSS a by proauct fraction oO] hydrocarbons 


atoms to the molecule 


containing five carbon 
is Obtained. Tsoprene is present in this Trac 
tion. By a series of fractionation steps, th 
isoprene iS separated from the other | varo 
carbons and concentrated to the desired 
purity. 

The actual polymerization reaction Is car 
treating the mixture of isobuty 


t a low 


ried out by 


lene and isoprene with a catalyst ¢ 


temperature. This results in a slurry of 
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small rubber particles in the reaction mix- 
ture. The resulting slurry is heated to flash 
off the unreacted constituents, which are re- 
used, and the rubber particles are treated 


with hot water to destroy the catalyst. After 
screening to separate the water, the rubber 


particles are dried and then handled simi 
larly to GR-S, or natural rubber. 


PropvuctTion or GR-M (NEOPRENE 


The government program contemplates an 
eventual production of 40,000 long tons per 
vear of GR-M (Neoprene GN). For this 
purpose a plant located at Louisville, Ken- 
tucky, is bene’ constructed and operated for 
the Government by E. I. du Pont de Nemours 
and Company, Ine. The du Pont Company 
also has a privately owned neoprene plant 
with an annual capacity of approximately 
9,000 tons. The entire Government plant is 
now in operation at rated capacity. GR-M. is 
produced by the polymerization of chloro- 
prene to give a long-chain rubber-like mate- 
rial. 

Preparation of Chloroprene. Chloroprene 
is a substituted diolefin containing four 
carbon atoms to the molecule, the same as 
butadiene, in which one of the hydrogen 
atoms has been replaced by a chlorine atom. 
Coal and limestone are heated electrically to 
produce calcium earbide which is used to 
prepare the light hydrocarbon gas, acetylene. 
The actevlene is polymerized to give mono- 
vinyl acetvlene which is then reacted with 
hydrochloric acid to give the desired chloro- 
prene. Chloroprene is a light substituted 
hydrocarbon that easily polymerizes with 
itself to give high molecular weight rubber- 
like materials. Since it is diolefinie in char- 
acter, the resulting molecule has a high de- 
eree of unsaturation. 

The actual polymerization of chloroprene 
to GR-M is earried out in a manner closely 
analogous to that emploved for the produc- 
tion of GR-S. Chloroprene is emulsified 
with water, and the polymerization reaction 
is earried out with the aid of a catalyst. 
This results in a latex containing small par- 
ticles of GR-M, which can be used as such 
for dipping and coating or can be coagulated 
to give a massed form of the polymer. The 
vuleanization of GR-M is effected by heat 
without the aid of sulfur as a curing agent. 


PRODUCTION OF BUNA-N 

Buna-N is a synthetic rubber produ 
a manner very similar to the product 
GR-S, with the exception that the r 
mixture contains butadiene and acry| 
instead of butadiene and styrene. It 
being produced in Government fi 
plants or as a Government sponsored « 
tion. However, priorities on equipment 
the preparation of the polymer and 
materials have been expedited by the | 
ernment rubber agencies. 

Acrvlonitrile can be prepared in si 
wavs, but it is chiefly made from et] 
oxide and hydroevanie acid. 

As already stated, the actual process 
the production of Buna-N is almost ident 
with that used for GR-S and it is hand 
much the same manner. An annual pro 
tion of approximately 24,000 long tons 
Buna-N type rubbers is contemplated. 


IT] 
COMPARISON OF PROPERTIES OF THE VARI 
SYNTHETIC RUBBERS 

GR-S is a general purpose type of s 
thetic rubber that processes and vulean 
in a Manner similar to natural rubber 
general, it has desirable physical propert 
although in a few important characterist 
it is definitely inferior to natural rubber 
some uses. In other uses it is the equal, 
not the superior, of natural rubber. 
should be possible to use GR-S for most 
the important uses of natural rubber. § 
example, it is believed that it will be possi! 
to produce automobile tires that are abo 
as satisfactory as the tires made from natu 
rubber. An intensive research and develo; 
ment program being carried on by a numb 
of the rubber, petroleum, and chemical coi 
panies, and by educational institutions 
cooperation® with the Government, is co) 
tinually developing improvements in. t! 
GR-S type of rubber. In fact, recent dev 


opments give promise of overcoming the most 


serious drawbacks of GR-S. In general, it 
processing characteristics are very similar 1 
those of natural rubber. It appears ve 
likely that within a few vears this gener: 
type of rubber will be essentially the equiv: 
lent of natural rubber for most uses. 
GR-I, owing to its different chemical chai 





op as Na 








SYNTHE’ 


S properties somewhat different fron 


natural rubber and GR-S. While it 
r elop into a general purpose rubber, 
t! immediate uses will be those based 
0 ecial properties, such as its impet 


vy to gases and vapors, and its exc 
Thus, GR-] 
‘ better than those made of 
be 


resistance. Inner tubes 


hatural 


—<— ee 


It likewise should useful for 
[ fabrics where impermeability to gases 
js ‘tant. 

MI is a synthetic rubber that was en 
on an appreciable scale prior to the 
emergency, since it possesses specla 


ob 


COST 


it resistant properties that are not 


ble with natural rubber. While the 


{ yprene Was several times that of natural 
rubber, these special properties made it eco 
yomically competitive. Neoprene also has 


excellent aging properties, particularly 1 


ee 
Vall 


sistanee to sunlight, and it is, therefore, 
hle in covering fabries that will be exposed, 
The GR-M produced 


Government plants will be used largely 


“ 


such as balloon fabrics. 


l’ purposes for which its special properties 
jake it valuable, although the quantity con 
be large enough to make 


mplated may 


some available for general purposes. It is 
satisfactory for general uses with the excep 
tion that it becomes brittle at the low tem 
eratures that are likely to be encountered 
latitudes. The 


properties can be improved by the prepara 


high low temperature 
tion of special copolymers of chloroprene, but 
the production of these copolymers is not now 
‘ontemplated in Government owned plants. 

Buna-N, which was produced on an appre 
‘liable seale before the present emergency, Is 
ilso employed as a special purpose rubber. 
lt has exceptional solvent resistant proper 
ties, particularly for liquids such as aromatic 
Essentially all the Buna-N 
is now employed in uses that are based on its 


hvdroearbons. 


solvent resistance. It could be used as a 
veneral purpose rubber, but its properties 
are not enough different from those of GR-S 
to justify its much more difficult processing 
and its much higher cost. 

At the present time synthetic rubbers of 
the four types that have been discussed are 
being produced at an annual rate in excess 
of 500,000 long tons. 
next few months this production rate will be 


stepped up to the order of 600,000 to 700,000 


Over the period of the 


C RUBBI 
one tons pr hens s 
het ) hy hy x ( hye ) i hy 
esse} , 1SeS 
av Wl ( < ‘ } hyhye) S ~ 
>) } S \ S rales | l pt 
T j < QUT \"} fh) ) 
e] ! CC i | ly s 1) 
letely answered on pu tech 
econo Ca POULLCLS S aise 11 ete 
whether the plants wv ontinu der 
ernment wes after e eme} \ 
turned over Te 1? Vale OWhMerS! ! 
0 thre TVpe > la N an Git \| \ 1) ) 
duced on al appre able scale reea S 
; } } } 
the cost r avVallabdl \ natural rubb 
because thev are desirab or a numbet 
1IS@S } \\ I ! Thre ! tura teria 7 
Sa S tort 
Phe “st rm GR-S al GR-] s 1 ‘ 
clear as tha v Buna-N because the 
be more nearly in dire ompetition 
natural rubber. It is believed that tl 


be produced for a price of fifteen to twent 


reasonable 


pound, ineludine a 


the Wnive 


cents per 
amortization and return on stimel 


is a possibility that 


there thev can be 


and 


developed at a cost less than fifteen Celts 


per pound This price range 


compares 
favorably with the average price of natural 
rubbers over the past decade, but if the pre 
valling economic conditions in the rubber 
producing countries should be the same afte? 
the war as they were prior to it, there is no 
question that natural rubber can be delivered 
to the United States at a cost less than fifteen 
cents per pound and still show a satisfactor 
return for the plantations. 

that both 


svnthetie rubber will be used 


natural anda 
in the future 


It appears likely 
The availability of the svnthetic rubber will 
stabilize the price structure and prevent the 
fluctuations in rubber that 


the past It 


large 


prices ot 


have prevailed in will also be 


very much to the national interest to main 


tain a synthetic rubber production large 


enough to meet the initial 


The 


thetics over a period of vears will also de 


Impacts of future 


emergencies. continued use of svn 
velop the necessary technical knowledge rela 
tive to their production and uses and wil 


the 


velopment, manufacture, and testing that are 


therefore, obviate intense research, de 


necessary at the present time 
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By ALBERT F. KUNZE 


IN the vear 1502, more than a century be 
fore the Pilgrims landed on Plymouth Rock, 
while Henry VII. first son of The House of 
Tudor, Britain, the existence of 


ruled over 


the great Amazon was discovered. That was 
more than four centuries ago. 

Today the potentialities of the Amazon 
River and its incomparable basin of some 
2,722,000 square miles—over twice the esti 
mated drainage area of the Mississippi and 
Vast re 


As the vears 


its combined tributaries—is still a 


vion of undiscovered treasure, 


progress chemistry will find uses for the 


myriad of plant species indigenous to the 


Amazonian basin: eneineers will harness the 
untold horsepowers of energy that have, for 
centuries, wasted themselves in their jour 


nevs through the virgin jungles to the sea; 


] 


botanists, biolog@ists, and ornitholo@ists wil] 


enrich their sciences with discoveries in re 
eard to the flora and the fauna of the Ama 
zonian tropies; and among other phenomena 


to be studied archeologists may analvz> che 
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FIG. 1. (A) FRANCISCO DE ORELLANA 


earthly lamina of this ‘‘ereat unkno 
solve mivsteries predating those of tl] 
Columbian era. In the fields of sciei 
Amazon River is still a vast virgin 
itself, awaiting exploration and exp| 
in the heht of 


Its lone arms of 


modern advancements 
flowine’ waters, cay 
movine ocean craft for more than 2,00 
Atlantic 
to the engineers of navigation, Invith 
to bi 


westward from the Ocean 


to utilize its watery pathway 
manufacturing and commercial cent 
ural wealth that is so profusely to bi 
in but few places on the face of the 


The 


which 


‘dreamers’? of the lands t 


these waters flow 
failed to appreciate the potentialities 
natural assets that le there unused 
eovernments have, 
seen fit to invite 


(Colossus ot the Western Hemis 


dium, 
waters 
publicity has 


Their chosen vehicle of 


drama in a_ picture form 


COLUMBAN Rane HOTE COMPAMY 





(B) FRANCISCO PIZARRO 


have perhaps 


through the sani 
attention to 


with whicl 
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FIG, 2. A) OLD MAP OF SOUTH 


residents of their great areas are in intimate 
Used 
read, thev convey their silent messages to the 
far 

While it is true that none of the group of 
twenty-one stamps dedicated to the Amazon 


all 


eontact—postage stamps. bv who 


corners of the world. 


openly touches on the future development of 
this river, it is not at all improbable that this 
subject may have been in the minds of those 
who promoted their issuance. 

In this era of experimentation many novel 
tried. The 
euidance of public thought is one develop 


have been direction and 


1leas 


ment of political science that has received 
much attention. In the stimulation of 
tional ideologies, postage stamps have played 


ha 


an important and surprisingly large 
World’s 
national industrial opportunities have fre- 


part. 
Fairs, religious observances, and 
quently been depicted on postage stamps. On 
innumerable occasions political philosophies 
have been epitomized in the portraits of such 
heroes as Bolivar, San Martin, Washington, 
Artigas, and Sucre. 

During the vears 1940, 1941, and 1942 
Ecuador, Peru, and Brazil dramatically in- 
vited attention to the Amazon 
through postage stamps. 
the four hundredth anniversary of the dis 
Pizarro and 


mighty 
In all three cases 
coveries of Gonzalo Francisco 
de Orellana have been used as justification 
for these postal issues. Their 
constitute a of the 
incidents in all of the sensational history of 


adventures 


series most dramatic 


IT BE 


AMERIC 


\ 





B) ORELLANA AND HIS CREW 
the unfolding of the Western world (Figs 
2A, 3 

In 1540 a substantial Spanish population 


had already gathered in) widely separated 


of America The 


largely conquistadores adventurers 


localities Sout! settlers 


and had 
veoeraphica 


the 


a fair conception of the general 


the 


land to which 


Their 


black and vellow 
IK a 


characteristics Ol ruin 


oft 


Maps, as Shown on the 


wealth had drawn them ent 


air mail stamp of Ecuador, illustrate thei 
fairly accurate concept of the vast Sout) 
American continent 

Prior to that time, in the vear 1500 


ft the Captains of the 
the 
eastern shore of this ereat hie 
At a point close to the 
equator he fell upon a mystery more baftti 
than he had 

The saltv nature of 


Vincente Pinzon, one ¢ 


original Columbus expedition, skirted 


‘island,’’ as 
presumed it to be 
ne 
encountered 


hac 


The aimless tossines of 


any previousls 


the ocean changed 


to fresh water its 


billows assumed a slight current, directed 
toward no particular destination but ema 
nating endlessly from between two points of 
land so widely separated that to his mind 
thev could not have been the opposite shores 
As Pinzon sailed his ship west 


he 


plexed than ever, for nowhere in the experi 


of a river 


between them became more pel 


ward 


ences of Columbus, The Great Navigator, o1 
the scientific discourses of Toscanelli, or the 
fantastic writines of Marco Polo, had the 
story ever been told of a body of fresh water 
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the 


westward 


adjoining oreat 
After sailine 


davs against the increasing current, he chris 


lving within or salty 


for several 


tened the strange waters with the name 
“Mar Dulee’? and contented himself with 
having it noted in his log, leavine the sie 


nificance of the strange experience to others 

So incomprehensible was the enigma Pin 
zon had presented that the ‘‘wise men’’ of 
the old world demonstrated their wisdom by 
AS a 
and longer passed before the world realized 
that 
one of the greatest 


remaining silent. result four decades 


Vincente Pinzon had, in facet, achieved 
the New 


discoveries of 


World. Pinzon and a whole generation of 
his fellow men died without ever having 
realized that he had discovered the giant of 
New World waterways, later named thi 


Amazon. 

To this day, and perhaps for all future 
time, however, the discovery of the Amazon 
continue to be accredited to another 
This 


is no doubt 


will 


conquistador. capricious award of 


fame attributable to the more 
sensational and melodramatie story of Fran 
cisco de Orellana and the manner in which 
he became associated with the Amazon. In 


truth. it might be recorded that. while Vin 
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FIG. 3. ANCIENT MAP 
SHOWS EXAGGERATED IDEA OF THE AMAZON ’S BREADTH. 
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cente Pinzon discovered the existe) 


river, it remained for Orellana to 


its greatness and, vaguely, its 


Strangely, they approached the 1 
opposite ends, Pinzon unknowing! 
Orellana 
traced its course down the eastern s 
the Andes, 3,000 


mouth in the highlands of the Re 


entered its mouth and 


beginning miles 


known as Eeuador. 
The early seat of Spanish authorit 


military power centered about thi 


Rovaltvy of Peru where Francisco P 


the Viceroy, ruled with uneompromis 


thority. His fame and success was 
small extent due to the loval prowess 
brother Gonzalo, and to his lieut 
Krancisco de Orellana and Diego 


As the dominant Piz 
Almaegro’s 


maero (Fie, 4A 


prestige rose, so ambit 


recognition and reward inereased, and 


sG often been the case where friends 





usual prowess vie, disagreement SOO} 


The Viceroy Pizarro knew but one sat om 
tory course to pursue when his pow to esta 
challenged. produce 
In 1538 he dispatched a substantia offer. 
of his military streneth under comma fact an 
his brothers Gonzalo and Hernando a: his bre 
Almagro, and assigned an important well to 
tary task to his trusted friend, Francis ward t 
Orellana. Their forces were large and fabulo 
equipment surpassed that of Almagro Gold, 
suffered defeat, and, after surrenderins mon. 
penalty of death for his insubordinate eruitin 
lenge to the authority of the Viceroy | ture t 
cisco Pizarro. Gonzalo Pizarro was cordin 
warded for his successes bv being na Dorad 
Governor of the Province of Quito (Fie no bo 
The military skill and the daring of ( made ¢ 
lana in warfare so pleased the Pizarro b scintil 
ers that the intrepid soldier received ent tr 
praise and was rewarded with the tit were 
Governor’s Lieutenant General of the n alone 
founded city of Santiago de Guayaquil. the sa 
ated high among the peaks of the <A) El D 
There he demonstrated that he was as where 
ficient in civic administration as he had | the au 
successful in battle. Guayaquil, as a vass that s 


city to that of the Viceroy, prospered censes 
erew (Fig. 5A). lov 
The early Spanish conquistadores, | await) 


ever, were not an agricultural people cont 
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FIG. 4. (A) PIZARRO AND ORELLANA B) ORELLANA, DISCOVERER OF AMAZOD 
to establish a community and live on such adventurers rallied to the eall of Gor 
products of the land as its resources might Pizarro Several thousands. ini 
offer. Gonzalo Pizarro well recognized that dian servants, made ready to follow the leas 
fact and found little difficulty in convincing — ers appointed by the Governor, chief amon: 
his brother, the Viceroy, that it would be them beine Francisco de Orellana and Gon 
well to organize a strone force to move east zalo Diaz de Pineda With munitions o 
ward to discover and take possession of the warfare, building materials, food s lplles 1 
fabulous wealth of El Dorado, the Man of casks and bales, and even livestock thi 
Gold, and of La Canella, the Land of Cinna hoof, they finally got under way 
mon. No difficulty was encountered in re February of 1541 the advance unit of the 
cruiting a following to proceed on an adven- expedition set forth (Fig. 6 
ture that promised such rich reward. Ac By day they traveled down paths of vei 
cording to Indian report and tradition, El dant grasses and at eventide paused in a coo 
Dorado possessed wealth in gold that knew ravine to enjoy relaxation and a sat 
no bounds. The most menial utilities were meal. They gathered before open fires 1 
made of the precious metal that glittered and revel in the interpreted stories of their nat 
scintillated in the brillanee of the ever pres Indian euides Kach evenine the NSpanisl 
ent tropical sun. It came from sources that adventurers relaxed to absorb furthet 
were seemingly inexhaustible. El Dorado more exaggerated stories of the ril 


alone knew of their locations. Then too. in eolden horde of El Dorado. As sueceedine 
the same general direction as the abode of nightly camp fires were lighted, the mer 
El Dorado, was the Land of La Canella were assured that the land of their desir 
where the fragrance of cinnamon perfumed — was but a few days further travel toward thi 


the alr with a deep, piquant, stimulating odor rising’ sun. Kach morning thes arose at 
that surpassed the exotic and aromatic in dawn fired with the certainty that the rt 
censes of Oriental spice lands. coming dav’s journey would bring then 


loward the attainment of these rewards closer to El Dorado In their enthusiasn 


awaiting mere taking by the Spaniards, the less consideration was given to the fa 
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food supplies were diminishing than to the 
hope of reaching their desired destination of 
vold. They appeared wholly oblivious to the 
fact that the dense vegetation through which 
they were forging their way offered no fresh 
supplies of food and that animal life con- 
sisted largely of snakes, lizards and uel) 
monsters that crawled on their bellies. 

One day, however, the situation in regard 
food stores dawned on them 


They held a con- 


to their lack of 
with startling emphasis. 
was decided that a briean- 
with 


sultation and it 
tine was to be built which, freighted 
their heavier burdens of munitions and can- 
non, was to move down the river to a point 
where, it was told, supplies of fresh meats 
There the 
heavier articles of their equipage were to 
be left, along with some of the men. Food 
was to be brought back on the return trip and 
then all were to proceed onward again to the 
Golden Land of El Dorado. 
The plan was excellent. 


and vegetables were to be found. 


While the brigan- 
tine was being constructed of rough hewn 
logs, further consultations were held 
the 
was to captain the ship. 
Pineda was the only one seriously considered 
beside de Orellana. <A 
was quickly reached, the former being as- 
signed to remain with Gonzalo Pizarro and 
the main contingent of the soldiers, while 
Orellana accepted the honor and the respon- 
sibility of leading the contingent about to go 


forest 


as to which of Governor’s lieutenants 


Gonzalo Diaz de 


Francisco decision 


forward for food. 
In ambitiously accepting that assignment 
Orellana unknowingly was facing the turn- 
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QUITO, CAPITAL OF PIZARRO’S PROV] 


ing point of his life. As a result of tf] 
phase of his adventure, the high ree: 
the Pizarros, both Vicerov and Govern 
to turn from admiration to vindictive | 
and the former praise he had receiv: 
soldier and as chief of the City of Sant 


de Guayaquil was to be succeeded 


treason 


insubordination, 
matter of 


charges of 
treachery. As a actuallt 
reputation became sullied with the most 
kind and uncomplimentary aspersions 
endured for centuries after he had died 
Orellana, born in 1511 in the town ot 
jillo, Province of Esremadur in Spain 
the family He 
hardly more than a bov when he went t 


son of a prominent 
In the service of Francisco Pizarro, to w! 
he was distantly related, he found a 
among the early conquistadores who 
duced the blood of Spain into the New Wi 
During early life, in one of many han 
hand battles he lost one of his eves, w 
added color to the infamous title, ‘‘the © 
Eved Traitor,’’ by which he was lone ki 
in the records of history accepted as aul 
tic until the end of the nineteenth cent 
In 1894 Jose T. Medina, a deep student 
the source materials of writings lone acc 
as authoritative, completed a research 
had engaged his major attention for a 
period of vears. He had taken 
the record ‘‘created’”’ by Jiménez de la 
pada some three hundred vears before, 


Issue 


lingering reflections of the old Pizarro-O 
lana feud still Medina’s \ 
now appear not only to warrant favor, bi 


persisted, 


possess a logical sequence of factual data | 
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tifies the honor and prestige restored and 
tfully belonging to Francisco de Orel 
, (Fig. 4B). 

On December 26, 1541. amid salvos of @ood 
shes and the cheers of his comrades, Orel 


ia captained the brigantine his fellow ad 
enturers had built and started eastward on 
vhat was to have been a mission of meres 
n finding food and returning it to his com 
panions. He planned to move downstream 
with the aid of his sails and the mild current, 
ind then to return. The stream broadened 


as he proceeded, the waters took on a more 


powerful movement, and the jungle land be 
came more dense, but neither villages nor 
edible vegetation greeted the ever watchful 
eves of Orellana and his men. 

From time to time occasional small bands 
of jungle natives greeted him through un 
familiar signs and incomprehensible mouth 
ines. Through them Orellana was led to be 
ieve, or chose so to interpret their messages, 
that supplies of food were to be found ahead 
after another day of travel. But as each day 
waxed from noon to nicht, the quest lured 
him further down stream. The current in 
ereased, the river widened, and the waters. 
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FIG, 6. ALLEGORY OF EXPEDITION 
WHICH ENDED IN THE DISCOVERY OF THE AMAZON 








RIO AMAZONAS CUYOS PRINCIPALES AFLUENTES 
NACEN DE LOS ANDES ECUATORIANOS. 
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FIG THE AMAZON RIVER 
ENT MAP OF THE RIVER AND \FI 
fraught with cataracts and rapids, rendered 
progress more dangerous with everv hour 
Each day his surroundings changed—even 
the character of the natives differed I 
place of friendly Indians he met with a say 
age tribe whose greetings were conveyed by 
arrows with hardened tips bathed in the pol 
sons of the jungle. They were an odd lot; 
according to the record of the historian Cat 
vajal, they had fair skins, long blonde hair 
and wore tunics that reached to their knees 
As a result of this record, however clothed 
with imagination it may have been, these un 
friendly natives were referred to as the 
feminine Amazon warriors of the New 
World. Battle with them and even flight 
from their missiles called for all the skill 
Orellana could command (Fig. 2B 
Orellana’s food stocks ebbed and then dis 
appeared entirely. The captain of the mis 
sion of merey in search of food for his com 
panions upstream began to realize that his 
temporary assignment had, for the time 
being, assumed less importance than his own 
growing predicament of danger. The in 
creasing river current, the savage natives, 


and his crew of men whose morale had 
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reached its lowest ebb with cases of SCULVA 


and other diseases prevalent, constituted 
problems that had changed the whole world 
In heart and mind he had not 
the 


he had been called on to perform, but as a 


for Orellana. 
forgotten Gonzalo Pizarro and MISsion 
practical matter there was no course for him 
to the 
definite spaces ahead at the merey of the cur 
rent the winds. Had it been possible 
for Orellana to to it 


obvious that there was no point in taking 


pursue other than onward into IN- 


and 
return Pizarro, Was 
that chance for the single purpose of report 
ing a failure to accomplish his objective. 
the Orellana 

ingly or otherwise plunged, finding the task 


Ouward with current will 
of keeping the keel of his ship beneath him 


as much as he could manage. Torrential! 
rains further handicapped his better man- 
agement of the brigantine, the rains beating 
upon its deck with such force that the fore 
castle was not visible from the stern of the 
ship. Days followed weeks with a monotony 
varied only in the type and character of 
changing dangers. Time had lost its sienifi- 
cance, direction had no meanine, even a des- 
tination was of less interest to Orellana than 
the 
Starvation, scurvy, and death all took their 
toll the 


lurched its way down stream to an unknown 


ever present consequences of hunger 


as nameless brigantine tossed and 
destination. 
St. Day late of 1542 


dawned and unexpectedly proved to be the 


Louis in August 
end of a vovage auspiciously begun eighteen 
months before—a vovage that was intended 
to have lasted but two weeks. Orellana and 
his men had reached the Great Ocean, hav 
ing traveled some three thousand miles east- 
The original objec- 


had 


was, accordine to Medina, 


from the Andes. 
of their mission 
forgotten vet it 
‘‘in this way that thev brought to an end 


ward 


tive lone since been 


their navigation and experience which had 
been entered unintentionally 
turned out to be so extraordinary that 
one of the greatest things that ever happened 


and 
it is 


upon 


to men.’”’ 

Orellana’s original objectives of finding 
El Dorado and La Canella were never real- 
ized. His secondary mission of obtaining 
food for his companions was likewise never 


accomplished. For this latter failure he was 
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censured throughout the realm of thi 
ros as havine been a traitor in desert 
companions in the hour of their 
In Spain, after the full ext 
Orellana’s journeys became known, 


need. 


acclaimed a hero on whom great hon 
bestowed. But his triumph was tra: 
At the height of he 
Colombia to investigate a_ difficulty 
had certain of the 
officials stationed there. After famil () 
himself with the situation . 


his fame Was s 


arisen between S 


he made t 


fortunate error of orderine the arrest 


Imprisonment of several members S 
‘* Audencia.”’ The Council of the hh 
Spain, on reviewine the situation, tio 
proved of Orellana’s action, and in «sti 
ordered him to prison where he died a er 
time later. So destitute was the ereat itn 
ager, that it became necessary for so! Hex 
else to meet the expenses of his funera ver b 

Despite the misfortunes of his ow 7 
Orellana is today credited with the dist qu 
tion of having been the first man_ to re 
navigated the entire length of the An nal 
thus bringing recognition of its immi Inite 
to the world (Fig. 7 His reports st Ma 
lated a series of exploratory vovages ti ait 
up the river and its several tributa oan 
Among them the most dramatic were thos ploit: 


Lope de Aguirre and, later, that of P. 
de Teixeira. Despite these explorations 
Spaniards acquired only a vague idea of 
magnitude of the Amazon, its tributaries 
drainage basin. This is evidenced by t! 
crude maps, NOW obsolete. several of wi! 
are to be seen on the recent postage sta 
Peru. <A fuller pict 
the vast reaches of the Amazon, at 


of Eeuador and 
least 
sofar as the Brazilian basin is concerne 
to be noted on a 1943 brown map stam 
Brazil released by Brazil in 1943. 

The increased needs of world markets 
many basic materials and substitutes 
others, so sternly realized in connection \ 
the of World War II, 
brought a distinct change to the Ama 


The great rubber industry has 


prosecution 


Basin. 
awakened, embracing not alone the agri 
tural phases of cultivation but likewise 
subject of manpower coupled with the « 
less human needs of food, shelter, and clot 
the workers and their fami! 


ine for 


rE AMAZON HAS REEN FULLY DISCOVERED a 
. . for their children, healt] abit Sabllita Tlie Dabasstl ts al thre arhnaiub 
1 ‘ilities, and the equally great proble This latter species. which flourishes 
sportation by land, sea, and a tub dry vious of the northeast has ah 
s said to have been indigenous to the erved consideratl 
m valley, although later cultivated in t Professor Fred A. Carlson of the O} 
Kast Indies and Africa where it @ained State Universitv has writte 7 * 
commercial prosperity rom present hu of Lati 1) 
‘ations it would appear that the Era ot 
Rubber in the Amazon Vallev is about to é pote 
Quinine, a product of the bark of various y 
S es of the cinchona tree, is likewise a ( t f 1 ft S 
e of the Ecuadorean and Peruvian : : 
sins of the Amazon. The unprecedented A ' 
vement of men to tropical climates in con s mad y 
tion with the pursuit of World War TT, ds ting 1. 
so stimulated the need for the medicinal B 5 s the f 
wers of quinine that the cultivation and : is : pee 
eatment of cinchona trees of the Amazon 
vallev have received an impulse greater than To science the great Amazon River a 
ever before. Woods of a wide variety, fibers, far-reaching Basin still remain to be diss 
n, Manganese, and other natural resources ered with a view toa fuller use of their al 
n quantities and grades still unknown lie dant natural wealth. As Vieente Pinzo 
dormant in the huge Amazon Basin covering = 1500 discovered the existence of the rive 
an area larger than that portion of th and Orellana in 1542 its leneth ane . 
United States east of the Mississippi River so, even today, after a span of more thi 
Many species of native flora of the Ama four centuries, there remains for discov 
onian regions still remain subjects of chemi- through the advanced sciences of our ee 
eal and commercial experimentation and ex eration, a multitude of practical uses for the 
ploitation such as the vegetable ivory trees natural assets of the Amazon Basin 





Vatican 
MYTHOLOGICAL AMAZON 
FIFTH CENTURY, B.C. 








AGAR: A VALUABLE SEAWEED PRODUCT 


By C. K. TSENG 


THE importance of agar’ in culture media 
for bacteriological and other microbiological 
research is well known in the scientifie world. 
The United States, like other countries, used 
to depend principally on Japan for her agar 
Under the present conditions this 
The 
resulting agar shortage has become the con- 
cern of the Government. 
much attention has been given to problems 


supplies. 


source of agar is no longer available. 
Consequently 
regarding agar by various scientists—bac- 


There 


are already several articles recently pub- 


teriologists, botanists and chemists. 


lished in Science and elsewhere, on methods 
for reclaiming used agar, on new sources of 
agar, and on the preparation of agar substi- 
tutes. 


AGAR: History AND NOMENCLATURE 


In undertaking certain research problems 
with regard to the agar resources on the 
Pacific coast, the writer found a great deal 
of confusion existing in the use of the term 


agar. There is also misinformation about 
the sources of agar. The confusion is mostly 
due to the fact that the word ‘‘agar’’ or 
sé 


agar-agar’’ was originally the Malay name 
for certain East Indian red algae, but is now 
almost exclusively used in science to desig- 
nate the dried gelatinous extract derived 
from other seaweeds and produced princi- 
pally in Japan. Thus, contemporary scien- 
tists writing on agar as we understand it 
nowadays not infrequently quote facts con- 
cerning agar as the word was used originally. 
Therefore, in order to avoid further confu- 
sion in this matter, it is necessary to stand- 
ardize the application of the word ‘‘agar,’’ 
restricting its use only to the dried extract. 
For the sake of simplicity the word ‘‘agar- 
phyte’’ is here suggested to apply to the sea- 
weeds used in its manufacture, instead of the 
is preferred to ‘‘agar-agar’’ for the 
sake of simplicity. The word is pronounced in Malay 
with both a’s as in ‘‘arm.’’ To follow the native 
Malayan tongue strictly the r should be pronounced 
like that in In this paper, whenever the 


1‘* Agar’? 


German. 


word agar refers to the original Malay meaning, it 
is italicized. 


more elaborate combinations of wor 


as ‘‘agar-bearine’ seaweeds,’’ ‘‘aear-) 
ine seaweeds,’’ and 

The Original Agar. 
word, agar or agar-agar, applies t 
tain edible 
Eucheuma muricatum ft. de pauperata 


‘agariferous seay 
The original 
common red algae, esp 
cheuma spinosum) of the Dutch East | 
but is used indiscriminately for other s) 
of the 
has been exported as agar-agar fron 

Dutch Indies to China for more than a 
tury. It is quite common on Chinese 

kets, known under the popular name () 
Unicorn Vegetable.’’? Q 


same genus. Hucheuma muri 


sé 


fs’ai, Meaning 
erroneously, most authors have assigned 
hame * 
lichenoides, which, to the knowledge ot 
writer, used in China 
making agar or in Ceylon where agar 





‘agar-agar’’ principally to Grac) 


has never been 


never been made. had an 

Introduction of Agar into Bacterio ve te 

The introduction of agar into bacterio es 

has been discussed in detail by Hitchens ~ tl 
Leikinde. These authors credit the diseo. ig: 

of agar as a medium for bacteriological The : 
nas 


ture to a housewife, Frau Franny E 


exporter 


shemius Hesse, who suggested to her 
‘ a . eal 
band, a bacteriologist, the use of agar d 
ip é ; i é Krom e 
which she had been using for vears in 
. 2 ° : > o : and che 
kitchen in the preparation of fruit 
" e ? ane , that th 
vegetable jellies. This discovery was 
; , known 
municated by Dr. Hesse to Robert K: 1ee)? 
° Kane 99 SHU S, | 
‘*probably late in 1881. Because agar hab 
; os , : . probdab 
is relatively inert, is not liquefied by mos | 
, . ° . > ° Ves ¢ 
bacteria, and remains in firm consistenc) W) 
° ° > | t stl 
the incubation temperatures for the gro) ] 
; ae ' hich 1 
of various types of bacteria, it has hel; | , 
. : Nh ma 
ereatly to advance the science of bact: 
MnNOSU 
ology. 
° . ° : : rnmen 
It is, of course, impossible now to de +i 
: Pa : tion stl 
mine what was actually the ‘‘agar-ag: ‘dried 
< 7 rie 
which Frau Hesse and eventually Koch u 
ar : mig 
in this important discovery. Hitchens : ! 
ae ; cakes nown 
Leikinde make this remark: ‘‘While vet 
‘ : 3 » antit 
America she had received the recipe fi Vod 
. . ode 
her mother; her mother in turn had obtai eter 
eginn 


the formula from some Duteh friends ¥ 
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DIVER 


DESCENDING WITH 


Krom this 
it may be reasonably inferred that the 


had formerly lived in Java.’’ 
noe 
material used was the true East Indian agar- 
the 
rather than the dried extract from Japan. 
The writer has as vet no definite informa 


agar seaweed Eucheuma muriecatum, 


tion as to when the Japanese preparation was 
exported to Europe in quantities, and when 
to the Malay term. 
From evidences in the writings of botanists 
and chemists in the 19th century, it seems 
that the 
known by the European scientists in the 


it began be called by 


Japanese product was already 

1860's, that it was then a very rare article 

the 
and that 


t still had no connection with the word agar. 


probably not something which house- 


wives could use in their kitchens 


which was invariably used to designate cer 
tain East Indian algae, especially Eucheuma 
As late as 1893 the Japanese gov 
rnment in the World’s Columbian Exposi- 
tion still ealled this Gelidium extract merely 


SPINOSUM., 


instead of agar-agar 
if it 
known by that name and exported as such in 
quantities to the Occidental countries. 
Vodern Use of the Word Agar. At the 
beginning of the present century the Japa- 


‘dried seaweed jel Y;"" 


might be expected were already 





BASK 


SEAWEED PRODU( 95 
‘ HN 
| 
7 faWr 23 
o LEORES 
i 
ET TO HARVEST AGARPHYTES 
nese scientists, such as Yendo, had already 


called this peculiar Japanese product ‘‘agar 
p 
of the bacteriologists, the scientific world has 


] 


agar.’’ Somehow, because of the persistence 


evenerally accepted as agar, without further 
questioning into its origin, the dried gelati 
the 
blocks fr 
seaweed Buch 


Using the term 


nous Gelidium extract in form of pow 


ders, flakes, strips, or om Japan, 


than the 


the true agar-agar. 


+ lf 
SeLT, 


if 


now generally accepted by scientific workers 


rather 


Wyad 
iS 


IS 


and dealers, we must give the seaweeds from 


which this peculiar extract is commercially 


prepared a separate name—‘agarphyte’’ as 
proposed here—in order to avoid further 
confusion in the matter of terminology 
Definition of agar It is to be noted that 
the definitions of agar that have appeared 


works are 


in various contemporary standard 


partly incorrect and as a rule too vague, 


because they apply not only to agar but also 
To other rec seaweed extracts, such as CarTra 


eeenin from Irish moss 


Although our pres 
ent knowledge of agar is still too incomplete 
to warrant a definition that would be ae 


ceptable to all scientists, it is advisable that 


* All photographs courte 


lite Service. 
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be 


definition should be broad enough to imelude 


revised definition available. Such a 


products most scientists would agree to call 
vear, but precise enough to differentiate it 
from closely related but definitely different 
mentioned 
to 
for agar: The 


products, such as carrageenin 
Therefore, the 


offer the followine definition 


above. writer ventures 
dried amorphous, gelatin-like, non-nitroge 
from Gelidium 


aleae, being the sulfuric acid ester of a linear 


nous extract and other red 
valactan, insoluble in cold but soluble in hot 
water, a dilute neutral solution (1 to 2 per 
of which sets, upon cooling, to a firm 


50” C:. 


cent 


35° to and meltine 


eel solidifving at 
at 90° to 100° C. 


AGAR PropucTION AND CONSUMPTION 


There has been a eood deal of misinforma- 
the the sources of 
Kor instance, Tressler writes in 1923: 


tion in literature about 
agar. 
‘Most of the agar of commerce comes from 
Japan, China, Malaysia, Ceylon and neigh 
boring coasts.’’ At that time none of these 


countries except Japan, of course, produced 


any commercial agar. One botanist makes 
the following remark in a publication in 
1917: **In the past agar-agar has been made 
principally in Germany from algae obtained 


from Japan.’ To che writer’s knowledge 


Germany has never produced any agar so 
far, although she has made a purified agar 
Such 


ing notes have been quoted again and again 


from the Japanese product. mislead- 
in current literature. 

Japan is most probably the first country 
There 


are several theories as to when the present 


to produce agar in its present form. 


method of agar manufacture involving freez 
ing and thawing was discovered, and accord. 
to Horiuchi, the 
have been suggested: 1647, 1655, 1658 and 


Ing following four vears 


1688. Recently (Chase reported, eT ne Chi 


nese introduced it to Japan in A.D. 1662.”" 


In a recent communication she wrote the 
writer that her information was based on an 
old Japanese encyclopedia. The confirma 


tion of any of these theories will be of some 
historical interest. 

Japan is, and probably will always be, the 
leading agar producing country, in view of 
the vast quantity of agarphytes produced on 
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1] 
EINI 


her extensive coast, her well esta 
Industry, her low COST oft production 
appreciation of agar as food by het 


Agar is produced principally in thi 





I[vogo, Kyoto, Nagano, Yamanashi a ty 
prefectures where the climate is was 
for its manufacture by the old a 
Some agar is also produced in’ Ka stig 
Saghalien) where it is extracted vl 
different material by a different 1 Lue 
Accordine to Horiuchi in 1936. the: nines 
912 establishments with a total out) var’ 
679,918 kans or 5,622,921 Ibs., wort] 

497 ven, or about $2,400,000. The tot 

port that vear was 3,921,638 Ibs.. 

9.074.452 ven, or about $1,400,000. 

Up to the outbreak of war in 1937, ( a 
had a small agar industry consisting of 
factories located at Ningpo, Tsineta 
Chefoo. No published data were availa re 
to their total annual output. On the 
of information obtained from two ot a 
firms and of the amount of agarphytes ‘ 
duced in’ China, the writer estimates . 
Chinese annual production at about 75 « 
Ibs., which normally was worth about 200.0 
yuan, or approximately $50,000. “ 

The United States has been makine : 
for about 28 vears. The annual produ 
has been very irregular, varving from 1st 
Ibs. ( 1934 to 44.895 Ibs. (1930), ana 1} 
exceptional vear (1925) was as mucl 
117,773 lbs. Until 1941, when the domes: 
production was about 52,000 Ibs., only 
factory was actively engaged in making a q 
The war has ereatly stimulated the er 
of this industry and now there are five 
cerns devoted to agar production, all loc 
in southern California. The expected ai n th 
output will total 200,000 to 250,000 Ibs a. = 

In recent vears Russia has also paid 1 freezi 
attention to the production of agar same 
local seaweeds. According to Kizevet been 
Viadivestok and Archangel each prod write 
14,000 Ibs. and Vladimir 33,000 Ibs., mal! natu 
a total output of 121,000 Ibs in 1936 agar} 
sides, Odessa in the Black Sea was repo devel 
to have produced 440,000 Ibs. of ‘agar Cape 
in the same period. This substance is p wiih 
ably of the nature of a seaweed eum sim mak 
to carrageenin. If, however, it proves ti veer 
a true agar as defined above, the Russ : B 

the 


production in 1936 would have far excee 
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the United States even at the present nited States in 1942. a s 
yf production. a capacity toa ton ot drv te Del 
e agar industry in the Netherlands month is already in operat 
es is a recent one. There were reported me is bene bi 
e two factories in 1938. The total out Qn the basis of these data and for 
| was not known. At present both Aus the writer estimates the world ay 
a and New Zealand are very actively agar at six 1 on po sop 
estigating their agar resources. Recently which 90 to 95 percent is made 
wd reports that an Australian firm is Japan also leads the world in the consump 
oducing its own requirements for meat tion of agar. Accordine to Horiuehi, out ot 
inning and that others will be making — the total production of 2.207.378 Ibs 1902 
agar’? soon. This ‘‘agar”’ is undoubted 66.542 Ibs.. or 16.6 percent, were consumed 
a 








HAULING IN A BASKETFUL OF GELIDIUM WEIGHING -ABOUT 65 POUNDS 


in the form of a gel which is directly used — in that country. In 1936, while the produc 
In canning without passine through the — tion increased 2.6 times to 5.622.921 Ibs.. th 


freezing-thawing-drving processes, das the consumption Increased even more sien 


same author remarks, ‘‘no dried agar has vet cantly by 5.7 times to 2.112.736 Ibs... const 
been produced.”” Information reaching the tuting 37.6 percent of the total production 
writer reveals that South Africa has a rich and about 0.35 ounces per-capita. Agar cor 
natural resource of Gelidiwm and other sumption in China used to be over a million 


agarphytes, still untapped, and enough to pounds per annum up to the early part of 
develop a great agar industry. A firm at this century. Of the total Japanese export 
Capetown was reported to have produced of 1,767,528 Ibs. in 1906, 1.284.633 Ibs.. o1 
some agar-gel which was used directly in) about 73 percent, went to China and Hone 
making confectionery. Perhaps these coun Kong. In recent vears, because of the eno 


tries are producing some true avar by how MOUS Therease of price Of avar, hectic 
4" 


In Baja California, Mexico, from which came some local production, and because of the 
the majority of the Gelidium used in the — strained relation between China and Japa 
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the Japanese agar export to China has de- 
clined drastically. In 1938 China, including 


Hong Kong, imported only 109,592 Ibs. 


mally China would consume at least six to 
eight hundred thousand pounds annually 


for food alone. 


The United States imports of Japanese 
agar during the last few vears before the out- 
break of war fluctuated between 500,000 and 
700,000 Ibs. In 1941, besides making 52,000 
lbs., she imported 565,059 Ibs. from Japan 
and 32,413 ibs. from China. According to 
Kizevetter, Russian consumption is about 
660,000 Ibs. per annum. In 1938 Germany 


imported 596,239 Ibs., France 442,225 


England 294,329 Ibs., Dutch East Indies 
162,393 lbs., Australia 144,571 Ibs. and Strait 
Settlements 58,520 Ibs., all from Japan. 
These imports represented, presumably, also 
the amounts consumed by these countries. 
It is to be noted, however, that the Dutch 
East Indies and the Strait Settlements have 
long been using a large quantity of local sea- 


weeds to prepare their own agar gel. 





THE AUTHOR GOES UNDER 


DIVING TO STUDY GROWTH RATE AND QUANTITATIVE 
PRODUCTION OF Gelidium ON CALIFORNIA COAST. 


Uses or AGAR IN MEDICINE AND Sci 

Agar originally was used in maki 
and certain food preparations in the © 
Since 1882, when it was first introduc 
bacteriology, its technical uses har 
creased enormously. 

As Microbiological Culture Medium 
is the most important use of agar, so 
human welfare is concerned, althoug 
quantity of agar actually employed 
way constitutes only a minor portion 
total. Undoubtedly agar has received 
respect and honor in this service than 
the others put together. Its chief valu 
culture medium lies in the firm consist 
of its gel at incubation temperatures | 
erowth of bacteria and other micro- 
isms, and in its inertness towards 
bacteria. These were the two main rr 
which motivated bacteriologists in the 
part of the last century to prefer ag 
velatin as a culture medium. Agar is 
remarkable for melting at about 95° © 
solidifving at about 40° C. Beeause 
mains liquid when cooled to 42° C., 0 
isms may be thoroughly mixed with it 
temperature that does not injure then 
the other hand, once it gelifies, it will re 
firm at about the same temperature, us 
37° C., at which the pathogenie forms 
generally incubated. The _ reversibilit 
the agar gel enables the operator altern: 
to warm it into the sol state and cool it 
the gel state. Its firm, rubbery surface i: 
easily ruptured when organisms are stre 
across it by needle. Pure agar gel is 1 
transparent and neutral in reaction 
these unique characteristics of agar ma 
unexcelled as a bacteriological medium 
is also widely used in the preparatio 
semi-solid media. Having a ten times er 
jellifving power than gelatin, it is a n 
cheaper material to use. Nowadays, not « 
bacteriologists, but also other microbioloe 


as well as scientists working on pure cult 


and life history of fungi, algae and 
orchids, have to depend greatly on 
media. 

As Larative. The popular use of agar 
laxative is based on its ability to absorb 
hold water, becoming at the same tin 
lubricant and a mild stimulant. For 


purpose it may be taken in various wa\ 
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PRINCIPAL AMERICAN AGARPHYTE ‘*HATR AGAR” 

FEMALE PLANT OF Gelidium cartilagineum. \N  ASEXUA ANT OF G 
with cream and sugar, or in special choco perature, placed in the tooth socket or in the 
late-coated preparations, or as a mineral-oil oral cavity, cooled thoroughly, and upon 
emulsion. Merck Index remarks that ‘‘un- solidification the wanted impression is ob 
like drug eatharties, it is not habit-forming, tained. 
and does not lose its efficiency or require Other Medical Uses. Agar has lone been 
increasingly larger doses.’’ According to Used to stabilize an emulsion to carry vita 
Chase, quoting Caravaggi and Manfredi, mins and other items like acidophilus milk 
agar also contains certain laxative and pur- It has also served in wound dressing on ac 
vative principles which act uniquely on the count of its inhibitory action on blood-clot 
intestine by exciting peristalsis without af- ting. Used ina preparation applied beneath 
fecting the functions of the stomach or the the bandage, it helps to quicken the healing 
duodenum. process. Glycerine suppositories have been 


In Dental Impression Mold. In dental made with agar as a vehicle. In obesity it is 
work agar has proved to be the best material said to be useful. According to Merck Indes 
for making impression mold. Although ma- it Is also used in glycerine jelly for chapped 
terials made of algin are recently being used — hands and in prosthetic work in surgery 
to take the place of agar, dentists mostly 


agree that, if the latter were available, they AGAR AS Foop 


would go back to it. The value of agar gel As Food in the Orient. Agar has been an 

lies in its having a long temperature lag be- is used as a food in a great variety of ways 
tween liquefying and hardening, which fac- in China and Japan. It should be noted 
tor is very important in this kind of work. however, that. agar has little nutritive value 
For this purpose generally a very concen- <A ‘‘food’’ in an Oriental sense may not 


trated agar gel is used to which a dye and a necessarily be nourishing. Only the prin 

disinfectant are added. In using it a small cipal foods, like rice, need have nutritiv 
portion of the preparation is heated to be- value. The complementary foods, such as 
come a fluid, cooled down to about room tem- agar, may be merely appetizing. Up to the 
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early part of this century China had been © strength, a relatively small amount is 


importing from Japan annually over a mil It is used in confectionery throug! 
lion pounds of this commodity entirely for world wherever agar is known. The 
i food. It is frequently served as a substitute tioner can make a healthful jelly ca 
for the expensive birds’ nests. For this pur- — less sugar by using agar in about ha 
pose the best grade of agar, which will not percent solution. In the preparat 
dissolve too readily in the hot soups, has to drinks, such as malted milk, it pr 
be used. It is also used in a special kind of — healthful) body and acts as a= st 
‘cold dish’’: the agar strips are cut into Added to bread and pastries it helps 


smaller pieces, washed by soaking in cold them from drying out, on account 
water, placed in hot water, taken out before moisture retaining ability. 

they show any signs of going into solution, In the manufacture of frozen da 
end then mixed up with some good grade of — ucts, agar has been most successfully 
sova sauce, some black vinegar and some-  sherbets and = water-ices. It) makes 
times a few other ingredients such as red smooth and prevents the drainage 
pepper. In Japan, agar is also cooked with frozen sirup out of them in the hai 


rice, and with seasoning it forms an ‘‘agar- room. Unlike gelatin, it acts quick y 
rice.’” Sweetened and flavored agar-gel is a aging of products containing agar 

favorite ‘‘cool diet’? in the summer in hot stabilizer is unnecessary. It mak 

countries such as South China and Malaya. cream it also imparts a smoother text 


Asa Food Adjunct. In recent vears agar the preparation. The use of agar has 
has been used extensively as an adjunct in to make a firmer bodied cheese of in 


various food preparations. Generally speak- — slicing qualities. Desserts and salad 
ing it serves as a substitute for gelatin where made with agar have the distinctive 
the latter, for one reason or another, is un- — tage of setting rapidly and certainly, 
suitable; it has also proved to be very eco- very warm climates. Being unassil 
nomical, since, on account of its high gel and having high water absorbing ca st 


Pa 


ee. 





AGARPHYTES GROWING ON ROCKS NEAR LA JOLLA COVE, CALIFORNIA 


Gelidium cartilagineum FLOURISHES IN EXPOSED PLACES WHERE WATER IS TURBULENT AND 








AGAR: A VALUABLE SEAWEED PROD 
4 . |] > ? I uchage recelltir wer] eX rapt al r) ‘ me A , 
] yceielt ougnare, 1th l | vrapl lu 4 : 
1 nm many breakfast and ‘‘healt! t serves to Impart a Oss abcd stifftiess 
1 j ) } ~} we . 
and Fish Canning In terms of proved as al heres i ! i ~ 

, nsumption per capita, Australia IS) stains. Ovceasionally it is als . 
q only to Japan, using about fifteen makine of molds required b . ; 
ed thousand pounds, or about 0.25 jJaster of Paris 
‘ s per person per annum The major ten: sities toieihenn tn aces ; 
t+ of this agar IS sald To be emploved 1} ture asa si pplement - sat 
; > =. 1 1. 

and fish canning. It helps to keep the jeer pes rol. Int sme nus 
> | Types of meat ana fish from falline } } S Se 4 is The Das } i } ( 


Its ability to retain its gelatinizine 


a vreater extent than animal evela 


iN . OS T s sO ellp ( sab cle 
fter subjection to the high temperature yo) qanesyy aT s aiamaiial 2 
. ; al 1 ciel ~ rhe Cus expe ect ) 
} ssarv in processil2 these foods, hlakes It : rtant } y t} ; 

A Porte . Ise © aval s 1} Se SCmectrica al 
superb for this particular purpose New idnstry. in the hot drawing of ‘tance 
7, ) ‘mally uses thirteen tons per 
, and normal, l | wire. a lubrieay S necessary to fa ve 
yunum for canning sheep's tongues. It Is ; 

‘ - aes . drawine operations and reduce the wea 
the writer’s conviction that the use of agar |, . 
' : the die. Westinghouse uses a lubricant 1 
neat and fish canning will become more _ 
. Hnhomoveheous SLISDeOeHISIOL ol POWeole ye 
1OY pen 
aud more popular in the vears to come. At ' 
we. ; aa ; evraphite hl avar ve Ih Japan avar is ais 
present it is not being utilized in this way in . 
° Cmiproved In making elrectrie lamp shades 
s country as much as it should be \ 
: ’ Amone the recentiv discovered MPORIISIDE 
/ Veat and I ish Preservation Acar pro ‘ I 
- , : { uses OF avar Is Its application In making pho 
vides a rather simple but effective way ot ) —_— $i 
, : : : ; tovraphic plates and films Actually Phin 
temporarily preserving easily spoiled food | ta \ 


stuffs like meat and fish. It is especially than twenty vears ago patents were alrea 
recommended for hot countries where re Issued In Germany covering such use of agai 
friveration is not available. The meat to be Phat agar was not extensively used for this 
preserved is cooked with some avar and the purpose was due to the fact that certair 
resulting meat-e@el will remain wholesome for chemicals present in gelatin, but not 
quite a lone time. The agar is not attacked ring In agar, were necessary in makine the 
by most putrefving bacteria, and thus it sensitive emulsion Recently it was found 
helps to prevent the entrance of oxygen and that these substances could be successt 
hacteria which will otherwise spoil the meat added to agar With this problen solved 
agar Is sald to be superior to gelatin for pho 


AGAR IN INDUSTRIES tovraphic films because an agar film need be 
, | t ; + 
In early days agar was extensively used in GHEY on eighth the thickness of a eelatiy 


oriental industry in fabric SIZINY and InN ith, IS less soluble it Water. does not melt , 


prendering rice paper more durable. [t was the tropical heat, and is cheaper. One firn 

palso emploved in makine waterproof paper sald to assert that awar is a better substances 

Band cloth, which were used in China to wrap Tor supporting sensitized emulsion that 
Pexpensive porcelains and bronzes for export similar material now on the market 7 
Bing to Europe. In other countries such There are undoubtedly many more uses 

p waterproof wrappings also served to pre avar of which the writer is not aware and the 

PVent corrosion of munitions. umber of its uses is expected to reaw 


At present avar IS still beine usec in the At present no published data are available as 
textile industry, but only in silk sizing and in to the amounts of agar used annua 
= +) 


oy 





e warp of silk. In the modern paper in above mentioned purposes. According 
pcustry agar is utilized to some extent as a formation from agar cealers and = vat 
paper coating to impart resistance to the other sources, the 650,000 Ibs. of agar use 


penetration of resin, wax and erease It is annually in the [‘nited States before the wa 
sed to make the gelatinous rolls in heet 


1 , 
were «¢ stributed apNpDroxlma>»rels iS TOLOoOWs. 
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Laxative 100,000 
Microbiological culture medium 100,000 
Bakery 100,000 
Confectionery 100,000 
Dental impression mold 79,000 
Meat packing 50,000 
Emulsifier 50,000 
Cosmetic 25.000 
Miscellaneous 50.000 


IXINDS AND SOURCES OF AGARPHYTES 


There is a good deal of misinformation re- 
evarding the different kinds of commercial 
agarphytes and their geographical sources. 
Gracilaria lichenoides (=Sphaerococeus  lLi- 
che noides, Plocaria candida), which has un- 
doubtedly been mentioned the most fre- 
quently by writers reporting on agarphytes, 
is actually a very unimportant and _ negli- 
gible source for commercial agar. Another 
commonly cited plant for making agar is 
Gloiopeltis tenaxr (=Sphaerococcus tenax, 
Plocaria tenaxr, Gigartina tenar, Gracilaria 
tenax). It has never been used for this pur- AGAR-PRODUCING SEAWEED 
pose. The genus Gigartina has been credited Gracilaria confervoides FROM SAN DIEGO 
with a share in agar manufacture; again, net 
a single species has ever been commercially lengthy one. There are, however, 01 
utilized in this manner, so far. The ‘‘Gel- few which can be said to be the pri 


idium corneum,’’ supposed to be the prin- sources of agar: Gelidium Amansn, G. | 


cipal agarphyte, is still a taxonomic mystery lagineum, and Ahnfeltia plicata. Bes 
remaining to be solved; it should be removed these there are about forty other red a 
from the list of agarphytes until its true most of which are used merely as suppl 
identity is revealed. According to Kizevet- mentary materials to mix with the pri 
ter and others, Phyllophora rubens is used in agarphyte in agar manufacture. The An 
making ‘‘agaroid,’’ which may not be a true’ ican factories use almost exclusively ( 
agar, and is therefore excluded at presen‘. wdium cartilagineum (L.) Gaill. which | 
The list of agarphytes is certainly a_ the ‘‘agarweed’’ of the commercial div 














| the tools of war and peace now do 
ant service, there is none more potent 
satile than the electric wave. In the 
waves of human 


st the natural sound 


and the natural light and heat waves 


the sun and, of course, the water waves of 
e seven seas were the principal waves which 
hed life. Prior to the nineteenth century 
tificialls made electric and sound waves 
| a minor role in peace and war. To- 


dav waves of many kinds—lone waves, short 


aves, and microwaves of sound, heat. lieht. 
d electricitvy—engage the efforts of scien- 

tifie workers of university and industriai 

iboratories. 

These waves make new environments for 
people. The word ‘‘wave’’ itself has a 

ace in the vocabulary of lavmen as never 


perore, 


Waves have become more and more 
commonplace in peace times. In 1943 
waves, particularly artificial electric waves, 


ent tO War. 
ELectric WAvEs or MANY LENGTHS 
For the needs of home and industry and on 
the war front, long electric waves carry large 
heat, light, and 
The Sixty cveles per second wave 


amounts of power for 
nachines. 
vuided by the high tension lines of the power 
engineer is five million long. Ex- 
pressed in English units, it is 5,468,000 vards 


meters 


me. 
Likewise, for the needs of home and indus- 
try and for the conduct of the war, a great 
array of electric waves bearing small amounts 
t power are used in the communication svs- 
tems in all parts of the world. Each day mil- 
lions of messages are borne by both the 
guided and unguided waves of telegraph, 
telephone, and radio. In general the radio 
Waves In these day-to-day practical fields 
range from five meters to thirty thousand 
meters in length, and up to one million meters 
for speech waves and telegraph waves on 
wires Those waves sometimes referred to 
over the radio as short waves and used for 
rasoceanie communication, range from 
about five meters to about twenty meters. 


ELECTRIC WAVES— 


By J. O. PERRINE 





LONG AND SHORT 


Standard broadcasting uses waves from five 


hundred and fifty meters to sixteen hundred 
meters 

At the other end of the gamut of electric 
Waves are the micro MICroscople Waves ol p,¢ 
ravs and those emitted by radium, called 
vamma rays, both of which may heal the 
wounds of man and give information con 


cerning the nature of the physical world in 
which he lives. The shortest waves that have 
been found by the inquisitive mind of man 
are not the very short waves of X-rays and 
radium but rather those known as secondary 
cosmic rays. Contrasted to the sixty evcles 
per second (in some cases twenty-five) and 
the five the 


engineer, the secondary cosmic rays have fre 


wave ot power 


million meter 
quencies as high as one million million mil 
lion evcles per second and waveleneths as 
near the nadir of nothingness as .000,000,000, 


000.3 millimeter. 


OcTAVES OF WAVES 


In the realm of vibrations, the octave is the 
well-established term used to indicate a fre 
than 


s twice creater some 


queneyv which 


other frequency. The term is usually applied 
to the sound vibrations of musie in which a 
note having twice the frequency of another 
is said to be an octave above it in piteh. On 
the piano there are about seven octaves, 
thirty -two to 4.096 vibrations per second ; 382, 
64, 128, 256 and so on to 4,096. Although 


hundred 


the octave denotes a one percent 
change in pitch, the higher note of a pair of 
semi-tones, anywhere within the octave of 
the musical scale, is six pereent greater in 


frequency than the lower note. The human 
ear can hear frequencies from about sixteen 
to eighteen thousand, a range of ten octaves 
Using this concept of octave to help apprecl 
ate the amazing breadth of the array of elec 
tri¢ waves known to man, we find the gamut 
of electric waves, lone and short, to be about 


eighty octaves. 


A FAMILY OF ELECTRIC WAVES 


It was a great sally of imagination when 

















THIS VACUUM TUBE OSCILLATES AT 
740 MILLION CYCLES PER SECOND 
WAVELENGTH 40 CM, 25 INCHES IN DIAMETER. 


man first regarded a wide variety of seem- 
inely different kinds of waves as examples 
of one ereat category, the electromagnetic. 
Visible light, infrared 
waves, heat waves, electric waves, X-rays, 


ultraviolet waves, 
radium rays, and secondary cosmic rays are 
after much study and reflection, regarded 
as waves of the same kind. Their distinguish 
ine physical characteristics are waveleneth 
and frequency of vibration. Their origins 
are different, their capabilities are different, 
their uses are different, but all are members 
of the same family. 

An outstanding property of all the waves 
of the electromagnetic family is their amaz- 
No other kind of 


Waves, no projectile, vehicle, or moving thing 


ine swiftness of flieht. 


in the entire universe travels so fast, namely, 
one hundred and eighty-six thousand miles 
(three hundred million meters) per second. 
The telephone, the telegraph, the radio, tele- 
vision, the radar, the X-ray, the camera—all 
do their tasks so marvelously because of the 
incredible speed of electric waves. A poet 
wrote many years ago about the telegraph : 
The electric nerve whose instantaneous thrill makes 


next door neighbors of the antipodes. 


INFRARED AND ULTRAVIOLET 
The background and basis for our compre- 
hensive concept of electromagnetic waves be- 
evan about 1800. At that time, as for centu- 
ries before and centuries to come, the visible 
spectrum as seen in the rainbow was and ever 
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will be a thing of sublime beauty. B 
simple means of a triangular glass p 
sunhght can be readily split into severa 
ors. This artificial experiment provick 
explanation and understanding of the 
ural rainbow. Newton made that great 
tribution in 1666. We now know that 


colors of the rainbow extending fron 
light to violet cover only a single octa 
vibrations, namely, three hundred and 
enty-five million million to seven hut 
and fifty million million. tn wavele 
visible light varies from .0008 millimet: 
the red to .0O004 millimeter in the violet 
is surprising and stirring that this one o 
makes possible so much beauty of tint 
shade. One octave of sound would s 
not be enough for a Beethoven or a McD: 
In 1800, the elder Herschel repeates 
experiment of Newton. But he did 
than merely repeat an experiment 
obeved an impulse to try something new 
held a thermometer in the streaks of 
streaming out of the face of the prism 
a white cardboard to find out about the 
tive amounts of heat. He discovered the 
let to be the coolest and the red to be hi 
But the drama does not stop there. Hi: 
happily surprised to find that his 
mometer indicated still higher temperat 
In a region outside the band of visible 


and adjacent to the red rays. The invis 


longer rays were called infrared rays. [I 


was a totally unexpected epoch-makine 
covery 
sunlight was visible. 


Soon afterward another invisible extens 


of the spectrum was discovered outsicd 
anele of emergence of the violet Heht 
was called the ultraviolet. It is a surp) 


fact that only a small portion of the s 


radiation is in the visible spectrum ; most 


it is invisible. The infrared extends a 
seventeen octaves below and the ultra\ 
about six octaves above the sides of the 


octave of visible colors. 


Liaiit WAVES ARE ELECTROMAGNETI: 

No further additions were made t 
radiation spectrum for half a century. 
likelv, furthermore, that the existen 

other waves was not even suspected. I 
ever, in 1866 there occurred a most s 
cant episode in the saga of waves.  ( 


not all of the spectrum of waves 








WAVES 


ELECTRIE 


Maxwell, a Scoth mathematician and natural 
philosopher how called a phy SICISt workine 
at Cambridge University, England, made the 
first ereat sortie of speculation regarding 
visible light and its two neighbors, the in 
frared and the ultraviolet. He 
that these three radiations, generally called 
hight, 
Electricity and magnetism were then, and 


proposed 


were electromagnetic in character 
are now, fertile subjects for theory and ex 
perimentation. Maenets and electric charges 
had been found to have regions of distur 
bance about them, fields of influence extend 
ing into space. To Maxwell and his prede 
cessor, Faraday, the fundamental reality was 
neither the physical piece of iron called a 
magnet nor the electrically charged metal 
sphere. The real crux of the phenomenon 
was the regions of space around the magnet, 
on the one hand, and around the charged 
sphere, on the other hand. There was a sort 
of radiation field of influence present in each 
case. The fields were quite distinctly differ- 
ent in character, one magnetic and the other 
electric, detectable by intrinsically different 
techniques. There was a suggestion of waves 
in these fields. With much 
meditation, and mathematics, Maxwell sue 


vested that electromagnetic waves might ex- 


observation, 


furthermore, that light waves were 
really character. He 
made the scintillating prediction that electro- 


ist and, 
electromagnetic in 


magnetic waves, longer than the infrared, 
might be produced artificially and that they 
might be detected by distinctively electro- 
magnetic means. 


DIscovERY OF RADIO WAVES 


Twenty vears later, in 1895, Heinrich 
Hertz, a German natural philosopher work- 
ing at Karlsruhe with simple apparatus and 
felectrical arrangements, produced and trans- 
mitted electric waves, and proved he had 
‘lone so by receiving and detecting them with 
mlectrical apparatus. Hertz had _ brilliantly 
confirmed the startling prediction of Max- 
well. Hertzian were through 
Bpace fifty feet without wires. Their wave- 
Pength was fifteen feet corresponding to sixty 
Buillion eveles per second. It was indeed an 
Duportant milestone in scientific history, the 
Meer of any political or military episode. It 
‘ interesting that the first electric waves 


waves sent 









AND SHOR 


LONG 





; 
ELECTRON TUBE FOR THE PRODUC 
TION OF 20 MILLION CYCLES A SECOND 
VAVELENGTH 15 ©) NCHES TAM 


ever produced were short waves. as we think 
of them today. 
short 


Hertz later produced ultra 
waves of five hundred million eveles 
and twenty-four inches (600 millimeters 
leneth 

Hear Waves MEE" 


ELEctTric WAVES 


Hertz, combinine vreat 


analytical talent and experimental skill, had 


Maxwell and 


knowledge 
The elec 


tromagnetic spectrum became a fertile and 


erected a great amphitheatre of 
ont of which opened many doors 
challenging field of research. There were the 
natural means of short-wave production such 
as the sun, glowing embers, and the ordinary 
flame. By artificial long electric 


meals, 
Waves could be produced The provocative 
cuestion was, could all wave-leneths and fr 
quencies be produced Could WaVes he 
electrical means so short that they 


made by . 
Could 


might even be called heat waves? 

heat waves be made so lone that they might 
be called electric waves? It was a thrilline 
search for electromagnetic waves of inter 
mediate length to bridge the gap between 
Hertzian waves and the longer infrared 


+ 


light waves. For several vears the shor 


electric wave record was held by Bose. of 
India, who produced and measured electric 
waves 79,000 million eveles per second and 
four millimeters lone. The electrical vibra 
tion frontier moved forward slowly. To at 
tain waves .22 millimeter in leneth required 


another twenty vears of research 
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ELECTROMAGNETIC WAVE SPECTRUM 


During the same interval of about twenty 
vears following Hertz, similar progress was 
being made in the discovery of long heat 

At first 
far infrared frequencies of roughly 


waves. By 
1900, 


three million million cveles and one-tenth 


progress was rapid. 


millimeter in length had been attained. 

In 1910, E. F. Nichols, then of Columbia 
University, made notable progress by produe- 
ing and measuring long heat waves of four- 
tenth-millimeter. He used sensitive thermo- 
detec 


(electrical thermometers 


The same method, but with eruder in- 


couples as 
tors). 
struments, had been used by the elder Her- 
schel a century before. 

The four millimeters and 
four-tenth millimeter does not seem to be a 


gap between 


wide gap. It is over three octaves, however, 
over three times as wide as the entire visible 
spectrum. This unexplored gap resisted all 
efforts to bridge it for another decade. 

The final bridging of the gap came in 1924. 
Again Professor Nichols and his co-worker, 
Dr. Tear, succeeded in extending both fron- 
tiers. 
measured, and shorter electric waves were 
The gap was not 


Longer heat waves were produced and 


produced and measured. 


only bridged but also overlapped about an 
the amazingly 


octave. Electric waves of 
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small waveleneth of .22 millimeter a 
waves .42 millimeter were produced. 
afterward Arkadiewa, in 
in producing electric waves .08 mi 


Russia, su 
lone. Through the vears scientists | 
will, the brains, and the skillful tee) 
to fill out the spectrum between heat 
Their 


ereat practical value as well as a 


and electric waves. SUCCESS 
scientific achievement. 

Today Hertzian 
electric waves, by whatever name one 
to eall them 
them electromagnetic 
by laboratory means over a range of t 


Waves, radio wa 
one may always prope! 
waves—are pl 
five octaves. In this broad span, man) 
the visible spectrum in length, these 
vary from about thirty kilometers (01 


meter equals .62 miles) to .1 mill 
(twenty-five millimeters equal one 
Expressed in vibrations, this would 


range of ten thousand cycles per sec 

three million million cycles per second 
X-Rays 

The thrilling achievement of the p: 

tion of all electromagnetic waves of 2) 

wavelength than red light is matehed b 

success in electromagnetic wave productio | 


in the region shorter than the violet light 
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ELECTRIC WAVES 


has been stated, the ultraviolet region covers 
bout six octaves of waves shorter than the 
Fiolet. The longest ultraviolet wave is about 
10004 millimeter and the shortest is about 
000,003 millimeter. 

In 1895 Roentgen discovered a ‘‘new kind 

f light,’’ a hitherto unimagined and unpre- 
dicted kind of radiation. He was experi- 
menting with the action of electricity in 
vacuum tubes. Much was known about the 
general behavior of electricity, how it served 
man, how it performed certain tasks, but not 
much was known about electricity itself. 
The passage of electricity through wires and 
liquids gave no clue as to its real nature. 
However, the visible effects disclosed when it 
was sent through various gases in vacuum 
tubes gave promise of finding out its intrinsic 
character. The situation was prophetically 
and elegantly described by Sir J. J. Thom- 
son in 1893: 

The phenomena attending the electric discharge 
through gases are so beautiful and varied that they 
have attracted the attention of numerous observers. 
The attention given to these phenomena is not, how- 
ever, due so much to the beauty of the experiments 
as to the widespread conviction that there is per- 
haps no other branch of physics which affords us so 
promising an opportunity of penetrating the secret 
of electricity; for while the passage of this agent 
through a metal or an electrolyte is invisible, that 
through a gas is accompanied by the most brilliantly 
luminous effects, which in many cases are so much 
influenced by changes in the conditions of the dis- 
charge as to give us many opportunities of testing 
any view we may take of the nature of electricity, 
of the eleetrie discharge, and of the relation between 
electricity and matter. 

In tune with the J. J. Thomson philosophy, 
Roentgen had been working with a Crookes 
tube, a form of vacuum tube containing gas 
at low pressure. Carefully covered photog- 
raphie plates were found to be blackened 
when accidentally left lying near Roentgen’s 
Not knowing what the radiation 
was, he called them, probably as a result of 
his studying algebra in his school days, X- 
rays, unknown rays. 

These X-rays penetrated and _ passed 
through wood, paper, flesh, and many mate- 
rials opaque to visible light. It was natural 
to think of them as a ‘‘new kind of light.”’ 
It was believed that they were electromag- 
netic waves, since Maxwell’s suggestion that 


_ light waves were electromagnetic and his pre- 
diction, substantiated by Hertz’s experi- 
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ments, that longer waves could exist, had 


been generally accepted. If X-rays were a 
kind of light wave, then they should exhibit 
the simplest phenomena of light, 
namely reflection. All attempts to reflect 
X-rays failed and continued to fail for seven- 
teen Then the brilliant flight of 
imagination of another physicist, Laue by 
name, gave a clue as to the reason for failure. 


one oi 


years, 


He suggested X-rays were many-fold shorter 
than visible light. All the reflecting surfaces 
that had been used were literally too rough. 
For sound waves several feet long, a brick 
wall, layer upon layer of brick with mortar 
between, is relatively a smooth surface and so 
sound echoes result. For very short light 
waves, .0004 millimeter in length, the layers 
of brick and their intervening strips of 
mortar are too rough for regular reflection. 
One must have a highly polished surface. 
According to this principle, Laue said X-rays 
are so very short that even the most highly 
polished mirror attainable was still too rough. 

In the intervening years atoms and mole- 
cules, the beautifully symmetrical erystals 
of rock salt, quartz, and other materials had 
been the subject of many researches. Laue 
therefore further suggested that the atoms in 
erystals might stand in rank and file like the 
bricks in a brick wall, however, with no 
mortar between them. Since they were so 
small themselves their rank and file, their 
fagade, not the outside surface of the crystal 
but the facade of the atoms within the 
crystals, would be smooth enough and regu- 
lar enough to reflect X-rays. 

In 1912 the first experiments to test this 
conjecture were tried. From the very begin- 
ning they were a brilliant success. A great 
scientist’s brilliant speculation had brought 
a great advance. X-rays falling on crystals 
were reflected. Furthermore, they were dif- 
fracted, that is, bent around super-sharp 
corners as are water waves around the end 
of a pier. For many years X-rays had been 
a sort of scientific waif, with an anomalous 
given name, ‘‘a pulse in the ether.’’ In 1912 
they were given a surname, Electromagnetic 
Wave. X-rays became a member of the fam- 
ily of light, heat, and radio waves. Their 
wavelengths had become measurable and, as 
predicted, were found to be shorter than 


those of ultraviolet light. The less pene- 
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trating ones known as soft X-rays are about 
.000,000,4 millimeter. Diagnostic and thera- 
peutic X-rays, more penetrating, or ‘‘hard,’’ 
range from .000,000,1 millimeter to .000,- 
000,01 millimeter. As other gaps have been 
closed, so the gap between X-rays and ultra- 
violet light has been successfully bridged. 
In fact, the longest X-rays have not only met 
the shortest ultraviolet but have also substan- 
tially overlapped. X-radiation covers about 
ten octaves. 

The cases of radio waves and X-rays pre- 
sent an interesting contrast. Radio waves 
were predicted twenty years before they 
were found to exist, 1866 (Maxwell)—1886 
(Hertz). X-rays were experimentally pro- 
duced seventeen years before their real iden- 
tity and character were understood, 1895 
(Roentgen )—1912 (Laue). 

It is particularly interesting that although 
crystals were used to study X-rays at the 
start, in later days X-rays were used to 
study crystals. These researches have pene- 
trated crystals and determined the group- 
ings of the atoms of which they are com- 
posed, the distances between their atoms, and 
the directions they are located one from an- 
other. 


GAMMA Rays 


Radio waves of useful character and 
X-rays are splendid examples of the ability 
of man to produce waves which are not made 
in nature’s workshop. These two groups of 
waves of widely different wavelengths are 
entirely artificial. Imagination and con- 
structive skill have produced important elec- 
tromagnetic radiations that nature does not 
manufacture. One might argue that light- 
ning flashes are accompanied by radio waves 
and that nature does, therefore, manufacture 
static radio waves. But at least useful radio 
waves and electricity as a tractable and ser- 
viceable agent are not part of nature’s 
bounty. Useful X-rays, then, are strictly 
artificial; they are not produced anywhere 
in nature and are not the accompaniment of 
any natural phenomenon. 

However, nature does manufacture elec- 
tromagnetic waves similar to X-rays but con- 
siderably shorter. These waves are called 
gamma rays. They were discovered, inter- 


estingly enough, only one year later than 


X-rays. In 1896, Becquerel observed 
phenomenon of radioactivity, a field in w! 
Madame and Pierre Curie carried out bri. 
lant researches and discovered and isolat 
the principal exhibitor of radioaetiy}: 
radium. In the process of radioactivit 
there is a spontaneous breaking down 
matter, an atomic voleaniec action. Accor. 
panying the disintegration of heavier at 
into simpler and lighter atoms, the gam 
ray, a different ‘‘kind of light,’’ is emitt 
Since ordinary light accompanies the raj 
vibration and seurrying about of atoms jy 
incandescent lamp filaments and glowing 
metal and heated objects in general, it is; 
surprising that during an atomic explos 
there should be some sort of electromagnet 
radiation. 
and are readily detected and measured 
Their wavelength is in the neighborhood 
.000,000,003 millimeter and covers a range 
about eight octaves. The X-ray spectrw 
and the gamma ray spectrum overlap in t 
region of the shorter X-rays. The thera- 
peutie effect of radium involves the gam 
rays, which are generally comparable 
wavelength to the shortest of the thera. 
peutic X-rays. 


SECONDARY Cosmic Rays 


‘ ‘ . . | 
Finally in the field of electric waves, long | 


and short, are the secondary cosmic rays 
Their spectrum extends far out from tl 
shortest gamma rays for some twelve or 
fifteen octaves. 
quency of the shortest radio wave capal 

of being manufactured is three million mil- 
lion eyeles per second and a fraction of 3 
millimeter in wavelength. The frequency 
of the secondary cosmic ray may be as hig! 
as a million million million million cycles per 
second, which corresponds to an incredib)} 
small wavelength. 


Primary cosmic rays are apparently high- 


speed particles which come to our earth from 
the interstellar regions and perhaps from be- 
yond the borders of our Milky Way system 
When they strike our atmosphere, secondar 
cosmic rays are produced. These latter rays 
possess great energy and are capable of pass- 
ing through several feet of lead. Rad 

waves, long and short, travel long distances 
through air and pass through many mate. 


The gamma rays are super-short | 


As has been stated, the fre. | 
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Heat waves, light waves, ultraviolet 
Iwaves, X-rays, gamma rays—all penetrate 
various substances. The secondary cosmic 
miero-micro waves, are the most pene- 


rials. 


avs, 
ape waves of all those yet discovered. 
"They have been detected in the deepest 
mines and deepest lakes after having passed 
through hundreds of feet of rock and earth 
and water. 


‘THe QUALITIES OF ELECTRIC WAVES 

Like the members of a human family, the 
members of the electromagnetic family ex- 
hibit widely varying qualities and capabili- 
ties. Different parts of the spectrum must 
be studied by different methods and with 
idifferent apparatus. Different parts are use- 
ful for widely different purposes and some 
parts are not as yet used at all. The very 
long waves of the power engineer perform 
arduous tasks and do lots of work in home 
and industry. They are studied with meters 
to measure amperes, volts, and watts. Only 
one-fourth of the eighty octaves of the spec- 
trum are used in communication to carry 
eode messages on the one hand and facsimiles 
of speech and musie on the other hand. 
Sizable meters of various kinds are used in 
this field, too. In the radio region electrical 
resonance, or tuning, is the technique of re- 
ception and detection. The measuring in- 
struments are of the same type but not as 
large. As the shorter waves were mastered, 
a sudden and drastic change was necessary 
in the instrumentalities of study. In the far 
infrared, the thermometer, particularly the 


‘sensitive electrical thermometer, is the de- 


tecting device. In the near infrared, either a 
thermocouple or photography is used. Sev- 
eral methods are available for research in the 
visible spectrum, including human vision. 
Sut since the eye is unreliable for purposes 
of measurement, thermocouples and photo- 
electrie cells, and most of all photographic 
plates, become necessary tools. For the ul- 
traviolet and X-rays, photography is com- 
monly used. 

The ultraviolet has sun-tanning and blis- 
tering effects and certain wavelengths have 


} germicidal effects, but for quantitative study 
/ nothing else is quite so satisfactory as pho- 


CATO Oa iaLO 


tography. The ordinary photographic film 
is very sensitive to ultraviolet light; less 
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sensitive to the blue-violet of the visible spec- 
trum; and rather insensitive to the red. 
Some living organisms are not only bene- 
fited but light for 
growth; others are killed by visible light and 
ultraviolet: 


also dependent upon 
some compounds will literally 
explode when light strikes them. The tissue 
of the human body is unaffected by radio 
broadcast waves but is warmed by infrared 
waves and is stimulated and even burned by 
light, ultraviolet waves, and X-rays. 

In addition to the many so-called practical 
uses of the waves of the electromagnetic spee- 
trum, a study of this spectrum has made pos- 
sible an outstanding contribution toward a 
further basic understanding of the world in 
which we live. The ever engaging and chal- 
lenging question has been, What is matter? 
Light heat infrared waves, 
X-rays, and all the other frequencies give 


Waves, Waves, 
clues as to the arrangement and motion of 
atoms and and electrons. They 
are all tools which have supplied new and 


molecules 


stimulating knowledge as to the intrinsic na- 
ture and architecture of matter. 

The qualities of gamma rays and cosmie 
rays are most reliably studied by means of 
the ionization When these rays 
penetrate a gas enclosed in a tube, that gas is 


chamber. 


made a conductor of electricity ; the device is 
called an ionization chamber and becomes the 
instrument for measurement. 

X-rays and the gamma rays of that amaz- 
ing element radium are both remedial and 
dangerous. They destroy good tissue as well 
as diseased tissue and germs of every kind. 
The goal of the physicist and the biologist is 
to find the technique of measurement and 
dosage that will take more and more advan- 
tage of the fact that these radiations destroy 
diseased tissue a little faster than healthy 
tissue. 

All of the waves in the electromagnetic 
spectrum carry power. They are all forms 
of radiant energy. They are not of them- 
selves color, they are not light, chemical ac- 
tion, heat, photoelectric effect, or sunburn. 
When waves bearing widely varying amounts 
of power and oscillating with widely varying 
frequency are received, the effect produced 
by them in the receiving material or receiv- 
ing device may be heat, light, color, speech, 
music, or 


chemical 


physiological change. 
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The effect produced depends almost as much 
on the receiving device as it does on the fre- 
quency involved. Of course, one would 
hardly expect the ultraviolet rays of the sun 
to actuate a radio receiving set or radio 
waves to tan the human skin. However, with 
the provision of the appropriate transmitter 
and receiver, ultraviolet waves have been 
used to carry speech and music for a distance 
of a hundred feet. Infrared light, quite in- 
visible to the eye, has been used for secret 
signaling in daylight and darkness. 


PRODUCTION OF RapIo WAVES 


The first method of achieving the manu- 
facture of electric waves (1886) took advan- 
tage of a phenomenon well known for more 
than fifty years. In 1827, Savery of France 
discovered that the electric discharge of a 
condenser, of which a Leyden jar is a good 
example, is oscillatory. According to this 
method two conductors, for example two 
spheres or two parallel plates of metal, were 
given a high-voltage charge by means of a 
static machine or induction coil. When the 
charge was raised to a high-voltage level, a 
spark jumped across. Electrical vibrations 
were thus manufactured. 

An analogy may help one to get the idea of 
an oscillatory discharge. A tall tank of 
water is connected to another empty tank. 
A closed valve in the connecting pipe is 
opened; it might even be broken through by 
the pressure of the water. Water would 
rush out of the full tank up into the empty 
tank and then back into the original tank. 
There would be a series of water current os- 
cillations. Now the condenser is a sort of 
pair of electrical tanks. During its dis- 
charge electrical currents oscillate back and 
forth between the two metallic surfaces. As 
stated, Savary first discovered this oscilla- 
tory character of a condenser discharge with 
a spark visible at the gap. Accompanying 
the rushing of electric current back and 
forth, electric waves are radiated. Lord Kel- 
vin first set up and solved the mathematical 
equations for such electrical vibrations. His 
explicit mathematics of 1853 still is valid to 
calculate the frequency and wavelength of 
electric waves. 

This basic method of condenser discharge 


was the one originally used by Hertz 
and later by Marconi. It was the ace 
method for radio telegraphy for many | 
but could not be used for radiotelep 
We now know that the lightning flash is 
latory ; so Dame Nature, using the cloud 
the earth or two clouds as plates of a . 
denser, had the technique before Savar 
Joseph Henry (who in 1842 made importa 
contributions in this field), Lord Kelvin, ; 
Hertz. 

A second method was that of the rotati; 
electrical dynamo. It is the method w) 
has ever been used for the production of t 
sixty-cycle alternating current to sup; 
light, heat, and power. High speed rotat 
dynamo electric machines were designed | 
Fessenden (1907), Alexanderson and G 
smidt to produce, for the purposes of rad 
telegraphy, frequencies in the neighborly 
of one hundred and fifty thousand cycles per 
second, two kilometers in wavelengt! 
These electric waves were very long. 


THe Era or ELECTRONICS 

The X-ray was the result of research co 
cerned with the study of electricity in 
vacuum. Out of that research and philos 
phy expressed by Sir J. J. Thomson car 
that modern Aladdin’s Lamp, the electr 
tube. 

The tradition of research on electricity 1 
associated with ponderable, sluggish, 
hampering atoms of matter, on electricit 
per se performing in a vacuum tube, on « 
trons, so brilliantly begun by Crookes, J 
Thomson, Roentgen, Beequerel, Edison, : 
many others before 1900, has been carried 
with equal brilliance by their success 
Fleming, Millikan, Richardson, Carty, | 
entz, de Forest, Arnold, Langmuir, Jewet 
and many others have exhibited magnificen 
international teamwork in putting electr 
into useful service. 

During the televictorian age of the 
years, the limitations of time and space ha 
been erased because electric waves of m 
lengths and many frequencies have been | 


] 


vealed as pearls without price in nature’ 


bounty. They became a useful reality w! 
an atom of electricity, an electron, electricit! 
its very self was put to work inside a vacuul 





tr 


| 
‘ 
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tube. Our planet has become ‘‘one world’’ 
largely because of electric waves. The tele- 
victorian age, the electric wave age, and the 
electron tube age have become synonymous. 

First used in a practical way as an ampli- 
fier in 1915 at intervals along the telephone 
Jine to span the United States, the electron 
tube has become an essential device in thou- 
sands of miles of long-distance telephone 
lines throughout the world. Contemporarily, 
it was recognized as a most important actor 
in both transmitter and receiver in radio te- 
lephony, radio telegraphy, and radio broad- 
casting. Today it is aptly applied to a thou- 
sand and one other tasks. Associated with 
proper electrical wire circuit arrangements 
and electric power supply, the vacuum tube 
ean generate electric currents; it can also 
mold eleetrie currents, amplify electric cur- 
rents, rectify electric currents, and detect 
electric currents. In many ensembles of 
high-frequency equipment today, it likely 
performs all five functions. In its role as an 
oscillator, as a generator of electrical vibra- 
tions for communication, it plays the part of 
a virtuoso for the manufacture of twenty 
octaves or more of electric waves. Arm- 
strong, de Forest, Colpitts, and Hartley were 
pioneers in this field. Many others later 
made further contributions to the operating 


techniques and apparatus for the creation of 
electric waves by electron tubes and associ- 
ated circuits. In many ingenious designs 
and forms, the electron tube circuit generates 


electric waves from sixty cycles per second to 


000,000 million cyeles per second—in wave- 
length, from five million meters to six milli 
meters. 

By wire and radio, millions of telephone 
and telegraph messages are carried each day ; 
electrical echoes, as utilized in the recently 


‘ 
‘t and tell the distance 


announced radar, dete 


and the angle of the approaching ship or air 
plane; light waves give vision and carry mes 
sages ; heat waves transmit warmth and help 
the earth to be the 
dant harvest; portable X-ray equipment on 
the field of battle enables the injured to be 
restored to health; gamma rays of radium 


rood earth with its abun 


heal wounds; and cosmic rays stimulate the 
imagination as to the nature of the world in 
which we live. Electromagnetic waves, long, 
short, ultra-short, micro and micro-micro 

eighty octaves of them—intangible, impon- 


derable, invisible, inaudible, con- 


stantly the subject for research and investi- 


mostly 


cation throughout the world, are the talented 
and versatile members of a most fascinating 
family now playing a conspicuous role on 
home fronts and on war fronts. 





TROPICAL MEDICINE: ITS SCOPE AND * 


tinu 
PRESENT STATUS’ an in 
By ELLIS HERNDON HUDSON easuy 
Mepicau and lay attention is now being extent justified. The two barriers of ‘ _ 


directed toward tropical medicine in unpree- and space which once kept diseases 
edented degree. Admiral Stitt, looking back from our shores have been abolished 


are | 
over the past fifty years, recently traced the automobile and airplane. We read of a al 
curve of interest in tropical medicine through paper correspondent leaving Austra 
three wars. During the Spanish-American Tuesday and arriving in San Francis annie 
war, malaria, vellow fever, and the dysen- Thursday, only seventy-two hours later | 
teries were to the fore. The subsequent cut- Navy man comes to the Washington Dis ni 


ting of the Panama Canal, the occupation of sary with a sandflea (Tunga penetran 
the Philippines, and operations in the West tween his toes; he acquired it in South A wort 


WU. 
Indies kept interest in tropical diseases on a__ica and returned by air before it manit of UI 
gradually rising curve. The World War of its presence. The Pan American Highwwy | or ¥ 
. . > ; 
1914-18, however, was fought—at least by runs right through the region of Guate1 nin! 
ping 


American foreces—in temperate zones, and which onchocerciasis (filariasis of the s 
Stitt points out that the focus of medical has hitherto been limited. Even Bartonel)| onal 
attention was transferred to meningitis, sis (oroya fever, Carrion’s disease), 
trench fever, and the pneumonias—strepto- has been found only in remote valleys 


coccal, pneumococcal, and influenzal. Dur- high Andes, may become a general haza enn 
ing the inter-war period, for two decades reason of military movements and modern] E 
after 1919, tropical medicine made steady methods of travel. and 
progress but was overshadowed by other Many diseases which take time to d imp 
branches until a few years ago, when it was’ used to be detected in travellers before t oat 
realized that, for Americans at least, the long homeward voyage was completed; nov} and 
approaching second world war would be a man may contract malaria in India or t\: | east 
fought to a large extent in the tropics and South Pacific and have his first chill in Nev} ede 
subtropies. With the establishment of Amer- York or Denver. From the standpo in 1 
ican troops in the Caribbean and Mediter- contagious disease new significance is ai tro! 
ranean basins, in India, China, and the East to the aircraft advertisement which stat alr 
Indies, and the southern Pacific, the curve that no man on earth lives further than s n 
of interest has again turned sharply upward. flying hours from any American airpor' Af 

Is this Country in Danger of Imported Ex- The spread-rate of epidemics, such as dengue. | to 
otic’ Diseases? Anxiety has been expressed influenza, and cholera, has always bee! dis 
lest the contact of American troops with direct ratio to the rate of human trav Ar 
tropical diseases abroad will react unfavor- hence, many minds are preoccupied with t de 
ably upon the health of the people of conti- possibility of swift and overwhelming pa! eli 
nental America. This anxiety is to some demies. ab 

* Released for publication by the Division of Pub- Another disquieting feature is_ thi di 
lications of the Bureau of Medicine and Surgery of whereas tropical diseases were former] 
the United States Navy. The opinions and asser- ported into this country by the oceasio: e 
tions contained herein are the private ones of the ‘‘foreioner’’ or ‘mtevent they will doubt +, 
writer, and are not to be construed as official or as 5 © ’ ? th 
reflecting the views of the Navy Department or the ess be brought in during this war by thov | m 
Naval service at large. sands of our own men who will return to | pe 

1 The word exotic—used in antithesis to indigenous jn their ‘‘home-towns’’ scattered throug! k1 
slim ame repels preferable to the word pica. the land. Further, it looks as if our conn: | Ws 
ished in temperate zones, and others even today are Ments for stabilization and maintenance ©: . ni 
prevalent in temperate regions other than our own. peace after the war will involve us in suc! 
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Sresponsibilities in tropical countries that a 
constant stream of such infections will con- 
tinue to be imported into this country for 
an indefinite period. 

Though these are real dangers they can 


easily be exaggerated. Some medical and 


lay writing on the subject has been needlessly 


rmist, and the other side of the picture 


needs to be emphasized. Many tropical dis- 


Feases, especially of the metazoan parasites, 
Fare dependent for their propagation upon 
Fhabits not found in this country. In 


this 
croup are the flukes, dependent upon human 


F consumption of raw fish and crabs; the intes- 
tinal roundworms, dependent upon the use 


| of nightsoil as fertilizer, and the lack of per- 
} sonal and community hygiene; and the tape- 


worms, dependent upon human consumption 
of uninspected meat or the ingestion of food 
or water contaminated with animal drop- 
pings. In other diseases, such as trypanoso- 
miasis, leishmaniasis, filariasis, and schisto- 
somiasis, the vector or the intermediate host 
is either absent in this country or can be con- 
trolled by use of present knowledge or exten- 
sion of present sanitary measures. 

Even in the case of malaria, though new 
and possibly more virulent strains may be 
imported, and though there may be sporadic 
outbreaks, our health-conscious communities 
and efficient health services will keep the dis- 
ease local and transient. Indeed, new knowl- 
edge of malaria now being gained in this war, 
in techniques of treatment and mosquito con- 
trol, will tend to clear up much of the disease 
already existing on this continent. 

There are two other favorable features. 
After the war many physicians will return 
to this country armed with experience in the 
diagnosis and treatment of tropical diseases. 
And secondly, there is much indirect evi- 
dence that temperate zone temperatures and 
climatic conditions per se have an unfavor- 
able effect upon the propagation of tropical 
diseases. 

In summary, one may well conclude that 
although the impact of tropical diseases on 
this country because of the war and its after- 
math may be substantial, the dangers to our 
people can be largely avoided by the use of 
knowledge and facilities now in our posses- 
sion. The converse of this fact is that the 
names and characteristics of many exotic dis- 
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eases will have become familiar to millions 
Increased 


of service-men and their families 


no doubt 


lav and medical interest is, there- 
fore, only the prelude to expansion in this 
field of medicine in the United States. 

The medical schools, while conscious of the 
present pressure on the medical student and 
curriculum, and the shortage o! 
nevertheless recognize the 


struction in parasitic and 


teachers, 
necessity for in- 
+ ° 2s 
tropical diseases. 
In recent months existing courses have been 
intro- 
pro 


vided, teachers are being trained both in this 


strenethened, new courses have been 


duced, special lectureships are being 


country and abroad, information about ex- 
otie diseases is being pooled among the medi- 
eal schools, and a distribution center has been 
established for specimens, pathological ma- 
terial, and This in- 


creased emphasis upon tropical disease has 


visual teaching aids. 
received the hearty encouragement of the 
Surgeons General of the Services, who for 
many years have been concerned with the 
training of young doctors in this field. 

If, as Gregg has said, the next ten years 
will witness a revaluation and reform of the 
medical curriculum, the signs indicate that 
tropical medicine will have gained in stature 
in the process. 

Advantages to be Anticipate d from Expan- 
sion of Tropical Medicine. Some favorable 
features will result from this new and grow- 
ing interest in the tropical field. First will 
come a greater appreciation of the impor- 
tance of environment in disease. Earlier 
viewpoints stressed the statie relationship of 
host, parasite, and environment. Later, flue- 
tuation of both parasite and host was empha- 
sized, but the molding influence of environ- 
ment was Now, 
however, it is admitted that all three com- 


slow to be recognized. 
ponents of the disease picture are fluid enti- 
ties and that the end result at a given time 
and place will depend upon their mutual in- 
fluence. This concept is powerfully rein- 
forced by a consideration of tropical disease, 
in which environmental and epidemiological 
factors occupy so prominent a place. 

The second gain from the new interest in 
exotic diseases will be appreciation of the 
geography of disease, a science still in its 


infancy. The Germans were far ahead of 


us in this field, but their knowledge has been 
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perverted to base uses, political rather than 
scientific. There are two phases in this 
branch of medicine: disease distribution in 
relation to geography, and differences in the 
same disease as it appears at different places 
on the earth’s surface. That is, we shall not 
only be interested in the ‘‘ what, where, how, 
and why’”’ of the diseases indigenous to the 
jungles of Brazil, the deserts of Africa, and 
the islands of the Pacific, but we shall also 
be concerned with the behavior of diseases 
more familiar to us, such as tuberculosis, 
measles and cancer, as they occur in the en- 
vironments of regions so different from our 
own. Tropical medicine introduces us to the 
importance of place in pathology, and the 
diagnostic value of the question, where has 
the patient lived ? 

Thirdly, the mutual impact of tropical and 
temperate zone medicine is pregnant with 
possibilities in the field of research. On the 
one hand, tropical medicine is ten to twenty 
years behind in applying the techniques of 
modern investigative physiology, biochem- 
istry, and pharmacology. Knowledge of the 
pathology, diagnosis, and treatment of exotic 
diseases is bound to increase rapidly as these 
techniques are applied to them. An amazing 
amount of unknown territory in tropical 
medicine can be taken over simply by the use 
of weapons which temperate zone medicine 
already has in hand. 

On the other hand, research in tropical 
zones will stimulate all branches of medical 
research, not only because it offers an un- 
limited quantity of human material for in- 
vestigation, but because the exaggerated 
conditions of disease found among tropical 
peoples will throw light upon the less easily 
analyzed disorders of temperate zone civili- 
zation. One need only point to disorders of 
the liver and the varieties of anemia found 
in the tropics, to illustrate the lure which the 
tropics should have for the pathologist and 
the hematologist. 

In general, it may be truly said that the 
study of disease in tropical environment 
lifts horizons and broadens concepts of the 
reaction between the human body and its 
would-be invaders. The physician trained 
in the temperate zone will find use for all 
the knowledge he already has when he goes 
to the tropics, but he will have to supplement 


this after he arrives with often painfy 
acquired experience which he could 
have obtained elsewhere. He will r 
that tropical medicine is temperate 
medicine, plus. Peripheral edema may ; 
be due at all to nephritis, but to vitamin def 
cieney; pain in the right lower quadran; 
may be due to malaria, and intestinal 
struction or asthma may be due to asca 
worms. The Samoans suffer from filariasis 
but they also die of tuberculosis; the natives 
of Africa have trypanosomiasis, but they als 
suffer from the same nutritional deficienc 
as the patients in Birmingham, Alabama; t 
peoples of India and China have leishma: 
sis and distomiasis (fluke infestation), 
they also die of pneumonia and typhoid. 

The Lack of Organized Information on Ex 
otic Diseases. Tropical medicine as it is 
known today is a composite of facts gleaned 
from a multiplicity of diverse and unrelated 
sources. Such a book as MeKinley’s on th 
geography of disease gives some idea of thie 
extent of contradiction and discrepancy in 
our knowledge. Maps of tropical diseases 
have to be approached with great caution 
because a blank may mean either that the 
disease is not present, or simply that it has 
not yet been looked for and reported. Yel- 
low fever, which for years contracted and 
faded to minute proportions on the world 
map, has suddenly blossomed forth to cover 
large areas of two continents, simply because 
a new concept of the disease has been estab- 
lished. 

Most of the facts about the health of tropi 
cal regions come from governmental reports, 
usually issued annually by the European 
powers responsible for the various areas 
For large tracts of the earth we are depen- 
dent on these reports for vital statistics. It 
is true that they are often defective, their 
methods and results are frequently not com- 
parable, and much is hidden in unrelated 
files. Sometimes there is deliberate lack of 
candor in revealing conditions. Facts can 
only be secured by patient digging; yet this 
is the best souree for general knowledge. 

Other sources of information are the re- 
ports of such quasi-governmental organiza- 
tions as the Health Office of the League of 
Nations, the Indian Medical Service, and the 
observations of our own Army in Panama 
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and the Philippines, and our Navy in Samoa, 

‘the West Indies, and elsewhere. In this con- 
nection should be mentioned the many na- 
tional societies of tropical medicine, and the 
numerous institutes and research centers in 
tropical countries, such as the widely scat- 
tered Pasteur Institutes, the Malaria Re- 
search Institute of India, the Oswaldo Cruz 
Institute of Brazil, the Gorgas Memorial In- 
stitute in Panama, and others. There are 
famous schools of tropical medicine in tropi- 
eal countries, such as Puerto Rico, Cuba, 
Mexico, India, Egypt, and Java, and others 
in great centers of teaching in temperate 
zone countries, such as London, Liverpool, 
Paris, Antwerp, Lisbon, Peiping, Melbourne, 
Boston, New York, and New Orleans. There 
was once an important center in Hamburg. 

There are also the great private and semi- 
private foundations such as the Rockefeller, 
the Leonard Wood Memorial, and the British 
Empire Leprosy Relief Association. Various 
universities have sent expeditions to South 
America, Africa, and elsewhere for the inves- 
tigation of particular diseases, and other 
commissions under Red Cross or military 
auspices have undertaken the study of 
typhus fever, relapsing fever, pneumonic 
plague, and other epidemic diseases. 

Big commercial companies, representing 
among others the oil, rubber, and fruit inter- 
ests, have stimulated the study of tropical 
diseases in an enlightened spirit of humani- 
tarianism ; important contributions have also 
been made by physicians maintained in tropi- 
cal countries by missionary societies. These 
Jone workers, and the private practitioners, 
both foreign and native, in tropical regions, 
have gathered a mass of information of great 
value out of proportion to their numbers 
because of their long periods of residence and 
their intimate knowledge of language and 
people. 

This catalogue is obviously incomplete, but 
suffices to bring into relief the patchwork 
_picture of tropical medicine as it now is, and 
suggests why this field is still so unorganized 
and unequally developed. 


THE ConTENT or TropIcAL MEDICINE 


Medicine in general comprises certain con- 
yventional subdivisions such as pathology, 
rR ° 
ssymptomatology, and therapeutics. Let us 
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assume these standard disciplines and pro- 
ceed to examine in some detail the special 
fields which tropical medicine draws within 
its ambit. 

Helminthology is concerned with the meta- 
zoan parasites which inhabit the intestinal 
tract or the tissues of man. They include the 
hookworms, whipworms, pinworms, and as- 
earids; the filariae of skin and lymph tissue; 
the cestodes, some of them living as adults in 
the intestine, and others as immature forms 
in the tissues; and finally the trematodes, the 
flukes of lung, liver, intestines, and blood. 

Protozoology furnishes the next group of 
parasites, the amoebae, the blood flagellate 
flagellate leish- 

treponematosis 


trypanosomes, the tissue 
manias, the spirochetes of 
(yaws, syphilis), leptospirosis, and rat-bite 
fever, and borreliae of louse- and tick-borne 
relapsing fevers. This unicellular group 
also includes the plasmodia of malaria. 

The bacteriology of tropical medicine in- 
troduces the bacillus of plague, the mycobac- 
terium of leprosy, the vibrio of cholera, the 
rickettsiae of typhus and spotted fever, and 
the viruses of dengue and yellow fever. 

Tropical mycology must not be omitted. 
Perhaps the discovery of penicillin will 
stimulate interest in this hitherto neglected 
subject. 

Entomology. Tropical 
tensely concerned with arthropod life, for 
insects and arachnids furnish the vehicles for 
transfer of diseases, and the reservoir for 
their maintenance in nature. Animals of 
other phyla provide intermediate hosts for 
the propagation and dissemination of para- 
sites. Thus, importance attaches to the dis- 
tribution, identification, anatomy, physiol- 
ogy, and ecology of mosquitoes and other 
flies ; the fleas, bugs, lice, and ticks; the snails, 


medicine is in- 


erabs, frogs, and fish. 

Many of the lower orders of mammals 
share tropical diseases with man, and consti- 
tute reservoir hosts for the infections. Illus- 
trations of this are the carnivorous cats, dogs, 
and wolves in helminthiasis; the wild game 
of the veldt in trypanosomiasis ; the monkeys, 
marsupials, and edentates in yellow fever. 
Study of these reservoir and alternate hosts 
throws light on human diseases, and thus 
mammalogy, verterinary medicine, and com- 
parative pathology become integral parts of 
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tropical medicine. Herpetology and the pro- 
duction of antivenins must also be included 
at this point. 

A fascinating and as yet unwritten chap- 
ter of knowledge is the evolutionary history 
of these parasites and their hosts, and their 
relation to the great geological epochs. Trop- 
ical diseases are related to the fact that the 
oases in the Sahara are the last drying rem- 
nants of once broad and flourishing jungle. 
Tropical medicine is interested in the theory 
that the ‘‘nose’’ of South America onee fitted 
snugly into the concavity of Western Africa 
(the so-called Wegener continental flotation 
hypothesis), and the theory that there was 
once a continent (Lemuria) connecting up 
India and Ceylon with Madagascar and 
Africa. The distribution of tropical diseases 
and their vectors is certainly related to the 
fact of Wallace’s Line which swings through 
the East Indies and separates the fauna of 
Asia from that originating in Australia. 
Knowles has attempted to explain the pres- 
ent peculiar distribution of quartan malaria 
on geological grounds, and has advaneed the 
view that P. malariae was the first of the 
plasmodia to select man as host. This is only 
one tentative furrow in an exceedingly inter- 
esting field. 

The sciences of meteorology and climatol- 
ogy are admitted to be of increasing impor- 
tance in medicine. The formation of clouds 
and winds, the fluctuations of temperature, 
the distribution of isobars, the amount of 
precipitation, all have a direct bearing upon 
the presence and distribution of disease. 
Change of temperature is a tonic to the 
human organism, a blessing which the in- 
habitants of the energizing regions of the 
world, such as Europe, the United States, 
South Africa, and the Argentine, have not 
fully realized. The absence of temperature- 
swing in tropic zones has a bearing upon the 
temperament of tropical peoples, and prob- 
ably contributes to their relative freedom 
from the so-called degenerative diseases of 
civilization, the price which men of the tem- 
perate zones must pay for the mixed blessing 
of aggressive energy. 

How far, and at what cost, can the white 
man be acclimatized to the tropics, are ques- 
tions still to be settled. That he can live 
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there in comfort is proven by experienc 
Panama, the Dutch East Indies, and 
where. But man has only two means of 
posing of the heat generated by combust 
within himself; namely, radiation and 
spiration. Where environmental te: 
tures exceed 98.6° F., radiation is no | 





possible—indeed is replaced by absorpt 
The body is therefore restricted to the 
native; but loss of heat by evaporation 
the skin surface depends upon the abil 
sweat, and this also has obvious limits. 
in the tropies is therefore forced to liy 
lower level of energy and of oxygen 
sumption to keep from dangerous accu 
tion of internal heat. Paradoxically, 
Mills has pointed out, the laborer in the tr 
ics turns out less work per unit of time, 
is a more efficient machine than the nort! 
laborer. 

Nutrition. The science of food ele: 
and requirements finds in the tropics an 
most virgin field, a multiplicity of ‘‘impres 
sions’’ and few established facts. In ger 
the tropical menu is monotonous, and 
food not so palatable, so thoroughly « 
or so finely divided as elsewhere. The : 
tite craves less of animal foods and mor 
starches, greens, and fruits, leading to 
ciencies in calcium, the B complex, and t 
animal proteins. Among the minerals, i 
is particularly lacking, a fact which leads 
various forms of hypochromie anemia. 

Rice is the staple food of one half 
world’s population, and for this porti 
the human race it constitutes eighty to ni: 
percent of the food intake, supplemented 
the case of the Arab with dates and locusts 
and elsewhere with dried fish and pic 
radish. Rice has a good selection of \ 
table proteins, but does not furnish all t 
are necessary for full health, and is defic 
in minerals and vitamins. 

There is some support for the view ¢ 
most people in the tropics get less than t 
optimum intake of the B complex. T! 
contents of tropically grown foods are 
nitely lower than those of northern ¢ 
and since B is water-soluble it is lost in ‘ 
sweat. Further, it has been shown that 1 
living in a temperature of 90° F. req 
twice as much B complex per gram of {0 
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as mice living in a temperature of 65° F., 
and presumably something of this sort is 
true of man. Since there is close relation- 
ship between vitamin B and ‘‘resistance to 
infection,’’ there are grounds for the as- 
sumption that natives of the tropics, failing 
to receive adequate quantities of the complex, 
are more susceptible to infectious diseases. 

In this connection, Cannon has pointed out 
that food-proteins are essential not only for 
the formation of normal globulin in the 
blood, but also for the closely related anti- 
body-globulins. In other words, the inges- 
tion of a full complement of amino acids 
is essential insofar as antibody production is 
fundamental to ‘‘resistanee.’’ Cannon is 
speaking particularly of the gradual deple- 
tion of the body proteins in war and famine, 
resulting in pestilence in its various forms. 
But in tropical countries, though the factor 
of war may be absent, unbalanced diet and 
chronic famine is a constant specter. Doubt- 
less here also hypoproteinemia results just 
as inevitably in widespread susceptibility to 
disease. 

Many tropical peoples are slight of build 
and short of stature. Is this due solely to 
race, or do climate, nutrition, diet, and other 
factors also have a role? Krogman quotes 
Hooton to the effect that height, weight, 
thoracic dimensions and proportions, and 
similar bodily features are so directly sus- 
ceptible to health, diet and food habits, cli- 
matic factors, exercise, occupation, and other 
miscellaneous influences as to render them 
useless as racial criteria. 

Neuropsychiatry. Unquestionably, white 
men and women going to the tropics undergo 
considerable psychic trauma. McCartney, 
who has recently reviewed the subject of 
tropical neuropsychiatry, predicts that many 
men in the services will return from the trop- 
ies with permanent neuropsychiatric dis- 
abilities. Strange environment, foreign lan- 
guage and customs, unaccustomed food, 
intense light and heat, tropical rains, ubiqui- 
tous and exasperating insects, all are factors 
which, combined with the monotony of exis- 
tence, the lack of amusements, and restric- 
tions of companionship, lead to neuroses 
and depressions. Least successful are the 
egocentric and rigid personalities lacking 
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poise or given to idiosyncrasies and com- 
plexes. Most successful are the sanguine, 
the adaptable and resourceful, and the intel- 
lectually curious. 

Men and women who have gone to the 
tropics under the compulsion of commercial, 
religious, and humanitarian incentives are 
often able to establish homes which eushion 
them from the warping impact of the foreign 
environment. Some, however, fail to adjust, 
and are invalided home as ‘‘nervous break- 
downs’’ or misfits. 

Men in the armed services at tropical sta- 
tions have the advantage of knowing that 
their period of service will probably be 
short; they have many companions of their 
own kind with food and other things from 
home; their life may be uncomfortable and 
often dangerous, with few opportunities for 
amusement and recreation, but it is seldom 
monotonous for long. But in contrast to 
these stabilizing factors is the frustrated 
feeling—often unexpressed—that they are 
not there by their own will, but in the control 
of forces which they are unable to influence. 
There are many in the service ranks of low 
emotional adaptive power, and in the pres- 
ence of danger and the natural human reac- 
tion of physical fear, it is not surprising 
that psychiatric casualties are proving to be 
an important feature of tropical campaigns. 

Turning now to other fields in which tropi- 
eal medicine has an interest, we come to 
ethnology and anthropology. Many of the 
advances in both these sciences have been 
made by physicians working among the 
natives of tropical regions. Customs, re- 
ligious rites, and social organizations have 
a bearing on health. In Moslem countries 
the necessity for ablutions leads to pollution 
of the river banks, and the pilgrimages to 
Mecea tend to spread disease. In India the 
creat fairs and festivals, the veneration of 
the cow, and the respect for insect life create 
problems in the control of disease. In many 
countries patriarchal and tribal organiza- 
tions make enforcement of health laws diffi- 
eult. The importation and traffic in slaves 
have always been a feature of the spread of 
disease in tropical countries. It is of par- 
ticular interest in connection with the export 
of slaves from Africa through Abyssinia to 
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Arabia and the East, and the importation of 
black slaves and their diseases into the New 
World. 

No one will deny that tropical medicine 
has a vital interest also in the development of 
the economic and political life of the tropics, 
not only for the acclimatization of the white 
man, but in the inevitable future industriali- 
zation of wide regions still undeveloped. 
The resources of large areas have only been 
touched. There is, for example, more water 
power in the single basin of the Congo than 
is harnessed at present in the whole of the 
United States. Political organizations, such 
as colonies, mandates, international trustees 
or hitherto untried devices for native devel- 
opment, must be buttressed by health 
schemes of a magnitude as yet not attempted. 
Whole diseases must be eradicated, and effec- 
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tive barriers erected to prevent the spr 
diseases to new regions of the earth 


lines of travel and commerce. Imagii 
planning will have to be done in terms 
of nations, but of continents and the 
This discussion has presented two 
lenging facts, namely, that tropical med 
is a rapidly expanding field, and that 
of the sciences can afford to refrain 
interest and participation in this expans 
If the medical world has the wit to dra 
all these ancillary sciences, and if thes: 
ences have the wisdom to see what opport 
ties for them lie in the matrix of tro) 
medicine, new and exciting vistas will 0; 
both for the advancement of abstract kni 


edge and for the improvement of mar 


health, as dividends accumulate from 
cooperative activity in the tropics. 


MALARIA CONTROL 


Wak correspondents have reported that the Battle 
of Bataan was lost, not because the ammunition was 
gone, but because the quinine tablets gave out. Ten 
days before the end, 80 percent of the front-line 
troops were suffering from malaria. When the 
Japanese extended their advance to the south, Amer- 
ica lost both her rubber and her quinine. Fortu- 
nately as far as quinine was concerned, synthetic 
chemistry jumped into the breach, but with the war 
extending into malaria-infested countries all over 
the world there is still great need for a drug that is 
better than quinine or any available quinine substi- 
tute. Indeed among war diseases malaria ranks 
ahead of typhvs and influenza in the list of unre- 
solved problems. 

Over many years, and in many countries, The 
Rockefeller Foundation has worked in the field of 
malaria. During the earlier period its activities were 
largely confined to various methods of mosquito con- 
trol, such as drainage, screening, the use of fish to 
destroy mosquito larvae and the employment of 
sprays and Paris green. But in many parts of the 
world these measures are inapplicable for economic 
or physical reasons. In such areas the widespread 
use of drugs is at present, and particularly under war 
conditions, the only feasible means of control. 

The use of drugs, however, has been shown to be 
largely ineffective, even under the most favorable 
circumstances, because of two fundamental disad- 
vantages inherent in the drugs now in use. In the 
first place, these drugs do not always eradicate the 


infection, and thus a constantly increasing « 

reservoir accumulates, tending to spread the dis 
In the second place, the drugs cannot be wholly 1 
upon to prevent the development of malaria f 

ing the bite of an infected mosquito. 

These disadvantages assume even greater im] 
tance in wartime than under normal conditions 
cause the introduction of large numbers of no: 
mune persons into malaria-ridden countries natu 
increases the incidence of the disease. The dey 
ment of some new drug, not subject to the limitat 
of quinine and its substitute, would have enon 
military and public health significance. . . . 

The [Foundation] campaign in Brazil... 
successful in driving out a particularly dang 
malaria mosquito imported from Africa and ¢a 
Anopheles gambiae. 


It is a pleasure to report t! 


t 


} 


there was no reappearance of gambiae in 1942 in t 


area in which the campaign was waged. But 


though the gambiae is driven out of America, this is 
There remains its ho1 
The bad reputation of Africa as the Dar 


not the end of the story. 
land. 


Continent is based in part upon the exceptio! 


activity of this mosquito. ... The gambiae | 


firmly in its grasp whole areas, from Dakar in t 


west, straight across the Continent, and all the \ 
south. Unless this mosquito can be exterminated, 


its effects neutralized, it does not seem probable t! 
the vast regions which it now contaminates can | 


successfully developed.—Raymond B. Fosdick, 
‘““The Rockefeller Foundation-Review of Work 
1942.’’ 
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NEWTONIAN AND OTHER FORMS OF 
GRAVITATIONAL THEORY* 


I. NEWTONIAN ‘THEORY 


By GEORGE D. BIRKHOFF 


Ir has been generally granted that Sir 
Isaac Newton’s work on universal gravita- 
tion constitutes an unsurpassed scientific 
achievement. To begin with, in order to de- 
velop his ideas concerning the nature of 
cravitation, Newton devised that necessary 
nathematical instrument of modern scientific 
thought, his ‘‘fluxions,’’ now termed the eal- 


‘culus; then, with the aid of this powerful 


new tool, he developed the principal theo- 
retie consequences of his inverse square law; 
furthermore, he applied his theory to the 
most varied types of gravitational phe- 
nomena with extraordinary skill and pene- 
tration; and, finally, after making certain 
that supposed observational discrepancies 
were disposed of, and after transferring his 
analytical equations into the language of 
infinitesimal geometry current in his day, he 
gave out his great master work, the Principia 
of 1687. Truly this four-fold accomplish- 
ment was most remarkable; and the unfold- 
ment of the program for the physical sciences 
which Newton thus initiated has continued 
to dominate the field of physics during nearly 
all of the two and a half centuries which have 
since elapsed : 


Nature and Nature’s laws lay hid in night. 
God said ‘‘ Let Newton be,’’ and all was light. 


In this tereentenary year (1942) of New- 
ton’s birth it is therefore natural and appro- 
priate to estimate his theory of gravitation 
in its relation to the new forms of gravita- 
tional theory which have developed in the 
last four decades. This I shall endeavor to 
do in what follows, avoiding the use of tech- 
nical mathematical terms except in a purely 
descriptive way. Likewise when simple 
equations are written down in a few eases, it 

* From the symposium on ‘‘ Natural Philosophy’’ 
commemorating the 300th anniversary of Newton’s 
birth which was to have been presented at the New 


York meeting of the American Association for the 
Advancement of Science. 
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is only to show the obviously close formal 


analogy between the Newtonian theory and 
its modern counterparts. 

It should be remarked first of all that not 
until after the celebrated Michelson-Morley 
experiments of 1887 did it begin to be real 
ized that matter was astonishingly indifferent 
to motion through the ether. 
ton’s discovery and these experiments there 
had elapsed more than two hundred years. 
In this period physicists and astronomers did 


Between New- 


little more than consider the following ques- 
tions concerning gravitation: Is it not pos- 
sible that gravitation with a finite 
velocity instead of with infinite velocity as 
demanded by Newton’s theory? Is it 
possible that an exponent slightly different 
from the exponent 2, appearing in his law, 
might improve the theory? Are or are not 
‘inertial’? mass and ‘‘gravitational’’ mass 


travels 


not 


exactly the same, as was postulated by New- 
ton? The careful study of these three ques- 
tions had only served to confirm the New 
tonian theory. 

Aside from this specific work, one fact, 
however, had emerged: A very close exami- 
nation of the phenomena of the solar system 
by theoretical astronomers, on the basis of 
the Newtonian law, had shown that there was 
a slight but definite excess of perihelial ad- 
vance of the planet Mercury amounting to 
41” per century. Since the velocity of Mer- 
eury is large as compared with the velocities 
of the other planets, it was natural to conjee- 
ture that here was beginning to appear a 
from the Newtonian 
should become more and more marked as the 


deviation law which 


velocity approached that of light, which is 
the fundamental limiting velocity in an elec- 
tromagnetic universe. 

The analysis here undertaken will begin 
with some simple mathematical observations 
and then pass on to give an outline of the 


Newtonian theory (part I) and of recent 
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relativistic theories of gravitation (part IT). 
My approach will in no sense be historical.’ 
Instead, it will present a comparative analy- 
sis of the various forms of gravitational the- 
ory. The Newtonian theory of gravitation 
may be likened to the opening movement of 
a great scientific symphony, expressed in the 
natural language of everyday geometrical 
and temporal intuition, namely that of 3-vee- 
tors. There follows an analogous second 
movement formulated in the terminology 
of 4-vectors, appropriate to 4-dimensional 
‘‘astro-electric’’ space-time. In this, Nord- 
str(m’s gravitational theory of 1912 appears 
as the natural development, although ending 
in an unresolved discord because certain 
slight gravitational phenomena, like that ob- 
served in the motion of Mercury, are not 
accounted for. Then there follows immedi- 
ately the very brilliant, chaotic, and incom- 
plete third movement formed by the gravi- 
tational theory of Einstein of 1916.. Here 
the calculus of tensors, appropriate to space- 
time curved by matter, is employed through- 
out. In this way the discord in the second 
movement is resolved and the predictive 
power of the new theory is established. 

Now it has been generally agreed that (to 
earry our musical comparison a step further) 
there is need for an appropriate coda. Weyl, 
Kaluza and others have shown that there 
exist interesting possibilities in the way of 
providing a unified account of electromag- 
netic and gravitational phenomena. To 
these I shall refer only briefly. But I shall 
characterize more in detail a recent attempt 
of a fundamentally different type, which I 
presented at the Astrophysical Congress 
which met at Puebla and Tonantzintla, Mex- 
ico, in February, 1942.2, My theory, like that 
of Nordstrém, is based on the simpler Lor- 
entz-Minkowski space-time of electromagnet- 
ism. 

It is entirely too early to say as yet how 
any of these various theories will be regarded 
in the future. One may well doubt whether 
any known physical theories will have final 

1 For an extremely interesting historical and scien- 
tifie evaluation of Newton see E. T. Bell, ‘‘ Newton 
After Three Centuries,’’ American Mathematical 


Monthly, November, 1942. 
2To be published in the Proceedings of the Con- 


gress. 
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validity for the comprehension of Natur 
We can be quite certain, however, that 
classical Newtonian theory of gravitat 
will always remain serviceable to the t] 


retical astronomer. Indeed, from this | 
of view, a more complicated gravitat 
theory, like that based on a curved sg) 
time, can only operate as an ‘‘auxiliary 
struct’’ (to use Larmor’s characterizati 
taking into account a few minute relatiy 
gravitational effects almost beyond the 1 
of observation. 

Of course, it is impossible to underst 
and appreciate adequately the magnifi 
work of Newton without proper histor 
perspective. It is easy but misleadin 
magnify his position at the expense ot 
contemporaries and predecessors. Perhaps 
the half dozen figures of greatest import 
the Newtonian background are those 
Archimedes, Galileo, Kepler, and Deseart 
among his predecessors, and, among conten- 
poraries, his illustrious friend, the ‘‘Summus 
Hugenius,’’ and his yet greater rival, 
mathematician and philosopher Leibniz 
Furthermore it must be admitted that both | 
the caleulus and the classic theory of gra 
tation lay quite near at hand when Newt 
found them. This is evidenced by the f: 
that Leibniz was a co-inventor of the calcu- 
lus, and by the prevalent discussion of a pos- 
sible force of attraction inversely pro] 
tional to the square of the distance. 

Our point of view will be mathematica! 
rather than physical, in the following sense 
The physicist as such disclaims interest 
any theory which is not in accord wit! 
Nature, even though it has achieved a co! 
siderable degree of success. At each moment 
he is hoping to discover the ultimate, 
embracing theory, after which he expects t 
abandon forthwith the earlier partial ex 
planations. On the other hand, the mat! 
matician studies freely all forms of theory 
which possess a certain esthetic-mathematica 
quality. Thus he is not only interested in 
ordinary real numbers, but invents imag 
nary numbers and a host of other types 0! 
number which interest and fascinate him as 
objects of abstract thought. Often he finds 
later on that these generalizations and modl- 
fications turn out to be essential for the 
understanding of natural law. Thus, to take 
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a recent striking example, in quantum me- 
chanics it has been necessary to deal with 
‘‘matrices,’? Which constitute a kind of gen- 
eralized number previously studied in detail 
by mathematicians for their own sake. Like- 
wise mathematicians have studied many 
forms of geometry, and in particular the 
general n-dimensional Riemannian geometry 
of curved spaces; and only by use of this 
theory and the associated mathematical the- 
orv of tensors of Rieci and Levi-Civita was 
it possible to develop the consequences of the 
‘equivalence hypothesis’? which lies at the 
basis of the generalized theory of gravitation 
of Einstein. 

In what follows, then, the esthetic-mathe- 
matical point of view will be taken through- 
out. Moreover, we shall not venture to 
conjecture what the ultimate account of 
eravitation is going to be, but rather we shall 
try to coordinate and appreciate the formal 
structures of various gravitational theories, 
as well as to assess their serviceability in 
physies. 

The Use of Models in Mathematics and 
Physics. From the beginning of his scientific 
thinking, man has progressed by means of 
conceptual models taken from Nature. In 
fact, from a certain point of view, mathe- 
matics itself, crudely defined as the study of 
number and form, takes its origin in this 
characteristic way. For, the simplest type 
of physical universe is one thought of as 
made up of classes of distinguishable objects, 
considered without regard to their specific 
properties but only as comparable with one 
another by the process of matching or one-to- 
one correspondence, as when the fingers of 
one hand are matched with those of the other. 

Through experience with this simple universe 
'of classes, the concepts of logic and number 
‘arise irresistibly. Likewise the type of ideal- 
ized universe in which there are rigid bodies 
comparable with one another by direct super- 
position leads us inevitably to the concepts 
of Euclidean geometry. 

' In both of these simple conceptual models 
}so fundamental for mathematics, the comple- 
' mentary processes of Analysis and Synthesis, 
| which Newton insisted were necessary for 
) mathematics and physics alike, are obviously 
} present. The intimate intermixture of these 


ats inp ote 


Santas 


& ° e ° ° 
| two types of processes in his daily experience 


Be 


with number and form has led man to assign 
to these ideas an absolute and eternal valid- 
ity not readily granted to other conceptual 
Although no 
Euclidean geometry as incorporated exactly 
Number, 


and Geometry are firmly established as basic 


ideas. we longer think of 


in real space, nevertheless Logie, 
theoretical constructs of the human mind. 
The point of view will be taken in the pres- 
ent paper that conceptual models are likely 
to continue to play a fundamental role in 
the development of 


theoretical phy sies, de- 


spite the apparent abandonment of such 


models in recent quantum-mechanical ad- 
All of the gravitational theories to 


be considered here rest upon the basie model 


vances, 


of an underlying space-time continuum of 
four dimensions, whose ‘‘ points’’ correspond 
to events. 

The Role of Postulates. 
Newtonian Law of Gravitation was so deeply 


It was because the 


consonant with the simple intuitive ideas of 
space and time, as well as with all the known 
physical facts of his day, that Newton was 
able to affirm ‘‘ Et hypotheses non fingo’’—I 
do not frame hypotheses! Leibniz had a 
similar feeling. Said Leibniz, ‘‘Far from 
approving the acceptance of doubtful prin- 
ciples, I would have people seek even the 
demonstrations of the axioms of Euelid.’’ 

From the more sophisticated logical point 
of view of the present day, it would be con- 
sidered, however, that all physical and mathe- 
matical theories are necessarily built upon 
certain hypotheses, or ‘‘postulates,’’ which 
need to be carefully stated. In Newton’s 
Principia gravitational hy- 
pothesis is introduced through an analysis 
of known physical facts, in particular of the 
consequences of Kepler’s planetary laws of 
elliptic motion. We may synopsize the set 
of postulates which Newton tacitly employed 
by saying that he accepted the workaday 
conceptual ideas of Absolute (Euclidean) 
Space and Absolute Time, although he saw 
no reason to distinguish between the Absolute 
Space and any other space in uniform trans- 
latory motion with respect to it, nor to fix 
upon theoretic units of space or time. 

This means for us today that all of New- 
ton’s concepts were such as to be best ex- 
pressed in the mathematical language of 
3-vectors (that is, vectors with three com- 


his celebrated 
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ponents). For example, a velocity wu is a 
directed quantity of this vectorial type, since 
to determine it we need only specify a 
directed line or vector, showing the direction 
and magnitude of the velocity in ordinary 
three-dimensional space. 

In what follows we shall see how the Nord- 
strém theory referred to above is highly 
analogous to the Newtonian theory, except 
that the language has been changed to that 
of 4-vectors. Furthermore, we shall find 
likewise that the generalized theory of Ein- 
stein is highly similar in structure. Here 
the appropriate language is that of tensors. 

Groups, Invariants, and Mathematical 
Language. For the deeper understanding 
of all these theories, it is necessary to say 
something about the mathematical concept 
of a ‘‘group of operations.’’ If any two or 
more of the operations can be combined into 
a single resultant operation of the same type, 
and if there always exists an operation of the 
set which undoes what another operation 
does, then the collection of operations is said 
to form a ‘‘group.’’ It is furthermore found 
to be convenient to regard the operation 
which does nothing, called the ‘‘identity’’ 
operation, as an element I of the group. 
Thus the postulates for such a group are 
essentially the following in concise form: 


I. (AB)C=A(BC) for any A, B, C, 
II. AI=IA=A for any 4A, 
Ill. AX=B has a unique solution X for any A, B. 


The table showing the result of combining 
any two of these operations constitutes the 
so-called ‘‘multiplication table’’ of the group. 

For example, if we consider a square lying 
on a table and the operations of rotating the 
square into itself upon the table, we find that 
there are four operations: the identity I; a 
rotation through 90°, A; a rotation through 
180°, B; and a rotation through 270°, C. 
The corresponding multiplication table is ob- 
viously the following: 

















I A B c 

I A B C 
A MA Se ee 
. i Se 2G 

I A B 











THE SCIENTIFIC MONTHLY 


Another very elementary example js 
nished by the operations of adding an 
(toa number). Here the identity op 
I is that of adding zero. . 

Now in the geometric background 
clidean space, the group of rigid moti 
always entered intuitively. It will 
valled that Euclid accepted the pr 
geometric theorems by the method o! 
superposition. This really meant 
was accepting the group of motions as 
in elementary geometry. The natural a) 
tic language in which such geometric 
are appropriately couched is that of 3-\ 
already referred to above. 

In this mathematical symbolism ¢ 





_ 


simple processes turn out to be fundamen: 


The simplest of these is the multiplica 


of a vector by a constant which chang 

magnitude of the vector by this factor y 
out modifying its direction. Another si: 
process is that of vector addition portr; 
in the following figure. 


tant idea is that of the ‘‘scalar product’ 


Still another im; 


two vectors; if these vectors are f and 4, t 


would be indicated by f:g. A ‘‘scal 


quantity is one, like that of mass, whic! 


essentially a magnitude without direct 
The simplest types of quantities in \ 
theory are vectors and scalars. More | 


plicated but fundamental types are t! 
termed bivectors, dyadics, triadics, etc., | 


Gibbs. The simplest vector operations 
volving the calculus, are indicated b\ 
(read divergence), grad (read gradient 
eurl. We shall not endeavor here to 
these basic operations. 


Two extremely important related conc 


in the theory of groups are those of i! 
able properties and of invariants. In 
illustration above of the group of rotat 


taking a square into itself, an invaria 
property is that of the adjacency or opposit 
ness of sides and vertices: evidently ad. 


nat 


cency and oppositeness are qualities 


affected by performing any operation of t! 
group. Similarly, in the case of the additi\ 











croup of integers, the difference of two num- 
bers, 2—-y, expresses an invariant in the tech- 
nical sense, because this difference is not 
affected by adding the same integer to both 
rand y. 

In the case of the group of motions of 
,. — | Euclidean geometry, the most fundamental 
: ‘variant is the distance between two points, 
' which is not affected by any motion whatso- 
ior . | sever. Riemann showed how this concept 
ve ‘of distance appropriately extended lay at 
Pr ithe foundation of n-dimensional geometry, 
, | | whether flat or curved. A somewhat less fun- 
' damental concept, but still having great im- 
i portance, is that of the angle between two 
} lines or vectors. It may be shown that in 


a i general the invariants of any group deter- 
licat / mine the group completely. 

ia ' Newton really accepts, as the underlying 
. } group in his physical theories, this group of 
gin ‘rigid motions augmented by uniform trans- 
tray ‘ latory motions in time. This imposes a tacit 





' esthetic requirement upon the whole New- 
tonian development. 

The simplest illustration of the expression 
of a Newtonian law in vector terms is that 
conveyed in the familiar statement that the 
resultant of two forces acting upon a point 
is the vector sum of the two constituent 

et?? of forces. 

7 It is also true that in the later gravita- 
‘alar’| . tional theories there exists a specific underly- 
/ ing group which to a large extent predeter- 
/mines the form which the theory may take. 
‘It is for this reason that the comparative 
/ study of gravitational theories is possible. 

| On Mathematical Consistency. Physicists 
} have never worried much about the question 
y.| | Of mathematical consistency. For example, 
; dir} | in the heyday of classical physics, solids were 
} thought of as having a possible type called 
}the perfect elastic solid. The articles and 


Lib Ps 
En 


/ treatises concerned with such elastic bodies 
seeps, never considered the fact that the mathe- 
matical theory itself would fail under certain 
‘conditions. Thus, suppose that two perfectly 





n tl 
ation elastic spheres were to collide with one an- 
riabk) Other along their line of centers with a rela- 
‘site. = tive velocity greater than twice that of the 
adi disturbance velocity (that is, the ‘‘ velocity of 
. not Sound’’) in the medium. Then it is true that 
f the the basic differential equations of motion 


litiy | themselves become completely useless and the 
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theory of elasticity breaks down. But this 
fact was hardly mentioned as of any interest 
whatsoever. The whole history of physies up 
to the present day shows a disregard of this 
question of mathematical consistency. 

Now it is characteristic of the mathemati- 
eal point of view here advanced that such 
inner consistency is held to be a sine qua non 
in a suecessful theory. In what follows I 
shall keep this requirement in the fore- 
cround, although doing so introduces consid- 
erations which theoretical 
would consider as of little importance. 

Mysticism in Physical and Mathematical 
Thought. The developments of the last fifty 
years in mathematics and physics have in- 
volved in 
mystical considerations growing out of a 
highly developed sensitivity as to the role 
of formalism. It is well to say something 
about these matters before taking up the con- 
sideration of Newtonian and other gravita- 
tional theories. 

From Newton onwards, theorists in the 
field of physical thought have tended towards 
opinions of an intuitive type which constitute 
an essential directive element in their crea- 
tive work. In fact, it seems to be true that 
long-continued and intensive study in any 
scientific field always leads to vague ideas 
which are felt to be of basic importance 
for deeper understanding. The concept of 
energy was initially of this type. Many 
other instances might be given. 

An important mystical idea of this kind 
was that the laws of nature can always be 
formulated by means of some ‘‘ Variational 
Principle’’ or ‘‘Prineiple of Least Action.’’ 
For example, it was found that a ray of light 
passing through a medium with variable in- 
dex of refraction follows the path of least 
length in time in going from a point A toa 
point B of the body. To an 
degree it was discovered that dynamics and 
classical electrodynamics admit of very con- 
densed mathematical expression by means of 
an appropriate variational principle. Even 
today the physical theorist likes to show that 
a new theory can. be expressed in variational 
form. 

As a mathematician I would like to point 
out that the significance of such a principle 
is not what it is often taken to be, for the fol- 


most physicists 


ever-increasing measure semi- 


astonishing 
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lowing reasons: In formulating a mathemati- 
cal problem there is always a large degree of 
freedom of choice, both in choosing the inde- 
pendent and the dependent variables. There 
are likewise a great variety of ways of com- 
bining a system of equations into equivalent 
systems. Because of these facts, it is not sur- 
prising that one can manage to obtain a 
variational principle appropriate to almost 
any physical or mathematical theory. It is 
certain at least that theories formally rever- 
sible in time, such as gravitational theories, 
will yield to expression in this variational 
form.* Thus variational methods need to be 
earefully serutinized. 

Another important principle which has 
been effectively used by the physicist is the 
Principle of Sufficient Reason, which lies at 
the center of Leibniz’s philosophical specula- 
tions. As I have tried to show elsewhere,* 
this principle is closely related to the theory 
of groups, and its significance may be con- 
veyed in the following symbolic diagram : 

Principle of Theory of 


Metaphysics<——Sufficiente-— Ambiguity. 
Reason Groups 


Perhaps one elementary but typical illus- 
tration of the use of this Leibnizian principle 
in physics may be mentioned. Suppose that 
two equal forces act upon a point. Because 
of the ambiguity associated with the relevant 
group of motions, it is clear that the resultant 
force must not only lie in the plane of the 
lines of the two forces but necessarily falls 
along the bisector of the angle which they 
form. 

It is such principles as the Principle of 
Least Action and the Principle of Sufficient 
Reason which have led many of the foremost 
physicists to adopt a somewhat mystical atti- 
tude toward the physical universe. There is 
no doubt that a large part of speculative 
physics up to the latest period can be con- 
veniently interpreted in terms of these prin- 
ciples. If we conjecture with Plato that 
the Deity continually geometrizes, it seems 
almost certain that the language of Deity 
will involve the theory of groups and the 
corresponding Principle of Sufficient Reason 

3 See my Dynamical Systems (New York, 1927), in 
particular Chapter IV. 

4 The Principle of Sufficient Reason, The Rice In- 
stitute Pamphlet, Jan., 1941, pp. 24-50. 
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on the one hand, and Variational Prine}; 
on the other! 


An extreme but characteristic express 8) 
of the mystical attitude towards phys a 
thought, and of confidence in the unlim ‘ 
power of the mathematical symbol, is ; 
of Eddington when he says in his Relat te 
Theory of Protons and Electrons (1936 Iy 

C0 
Unless the structure of the nucleus has a sur; sa 
store for us, the conclusion seems plain- 
nothing in the whole system of laws of phys * 
ean not be deduced unambiguously from e; tH 
logical considerations. An intelligence, unacq co 
with our universe but acquainted with the syste: W) 
thought by which the human mind interprets to itse!: th 
the content of its sensory experience, should |} 
to attain all the knowledge of physies that \ it 
attained by experiment. ... For example, h re 
infer the existence and properties of radium, | 
the dimensions of the earth. to 

Perhaps such ideas, which are held be 
nearly all physicists in one form or another in 
merely indicate a belief that all physica th 
theories are ultimately expressible in sim) ge 
unitary mathematical terms. tit 

In what follows an endeavor will be 1 
to state certain vague ideas concerning t As 
differing gravitational theories, which 3°) 

ty 


important for their philosophic evaluation , 
The Framework Based on the Rigid Body ti 


and Ordinary Time. The Newtonian th T 

starts out with the framework of space a = 

time suggested by daily physical experie 0 

All about us there are rigid bodies w! th 

need to be compared and measured. In this sy 

way we arrive at the concepts of geometr rol 

and of a space at first attached to the ear th 

and later on attached to the fixed stars. - 
Likewise, the notion of time as measur - 

by clocks becomes more and more defini! oe 

established on an intuitive basis. Events a - 

thought of as happening when seen, so | an 

the concept of absolute simultaneity is firn Br 

established. 7m 
These ideas of space and of time are - 

bodied in the concepts of Euclidean s; 

and of ordinary time. In this space the p: 

of reference, the direction of the axes of ! 

erence, and the specific units of distance | 

no essential part; and likewise, the choic: 

the instant of time, called the epoch, fro! 

which time is measured and of the unit 

time has no special importance. Further 

more, aS was noted previously, there is a! He 
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‘additional degree of relativity in that any 

‘<ystem moving at uniform velocity of trans- 
: lation with respect to the system of reference 
is regarded as a valid reference system. 

The Underlying Group and its Two In- 

‘»ariants. There would be no object in speci- 
fying here in symbolic form exactly what the 
corresponding group is; it suffices merely to 
sav that if we have given any one set of space 
coordinates x, y, 2, and time coordinate f, 
‘there is a large variety of other sets of space 
coordinates 21, Yi, 21 and time coordinate ¢, 
which are equivalent in a physical sense to 
‘the given system of coordinates, namely the 
sets attached to other systems relatively at 
rest or in uniform translatory motion. 

The fundamental invariants of this New- 
‘tonian group are two in number: the distance 

between two points at the same time; and the 

interval of time between two events. In fact, 
the Newtonian group is precisely the most 
general group which leaves these two quan- 
tities invariant. 

The Corresponding Language of 3-Vectors. 
As has been noted before, the language of 
3-vectors is that which is appropriate to this 
type of group, but there are certain restric- 
tions of which at least one should be noted: 
To say that two vectors are equal is evidently 
an invariantive statement, since if two vec- 
tors are equal in any one coordinate system, 
they will be equal with reference to any other 
‘system whether relatively at rest or in uni- 
form translatory motion. On the other hand, 
the vector velocity has no invariantive char- 
acteristics, since the vectors with respect to 
one system may not be the same as with ref- 
erence to another system. This circumstance 
explains why it is that velocities never appear 
directly in the Newtonian mechanical and 
‘gravitational theories. However, the differ- 
‘ence of two velocities is invariant in charac- 
ter, as may be seen from the following figure. 


WeVU-\ 





MV ~ ig 


‘ Here the difference of two vectors v; and v», 


~o)| 
U 


is indicated, first, with respect to the given 
system of reference and, secondly, with re- 
spect to a moving system impressed with an 
additional velocity v. It that the 
final difference w is the same in both eases. 
Now the concept of acceleration is essentially 
one involving differences of velocities, and 
thus is explained the extraordinary impor- 
tance of the concept of acceleration and its 
nearly equivalent concept of foree in the 
dynamical theories of Newton. 

More explicitly, the force exerted on a 
body is measured by the product of its mass 
and its (vector) acceleration, that is, by M 
du/dt where M is a scalar invariant ealled 
the mass and du/dt is the notation of the 
ealeulus for the (vector) rate of change of 
the vector velocity uw along the path of the 


is seen 


mass in question. 

The Particle Model of Newtonian Gravita- 
tion. Imagine now a system of any number 
of mass particles in otherwise empty space. 
kor simplicity, we may consider first the case 
of only two particles of given masses m, and 
Mo. 

The Newtonian law states that the force 
which either mass exerts on the other acts 
along the line joining the two particles and 
is inversely proportional to the square of the 
distance between them; in absolute gravita- 
tional units of mass the foree is precisely 
equal to the product of the masses divided 
by the square of the distance. We always 
employ such absolute units in what follows. 

It is evident that this formulation 
accord with the underlying Newtonian group 
and is as simple a formulation as can be con- 
ceived if the force is to tend to disappear as 
the distance between the two particles in- 
creases indefinitely. It is true that it is natu- 
ral to consider the exponent 1 as well as 2. 
But the analysis by Newton of the known 
Keplerian laws of motion in two body motion 
showed that the exponent must be 2. 

When more than two particles are present 
the resultant force on any one of them is 
simply taken as the vector sum of the forces 
of attraction of all the other mass particles. 

This idealized model of the solar system 
has explained practically completely the 
facts of observational astronomy and pre- 
dicts correctly the future motion of heavenly 
bodies to a remarkable extent. Laplace and 


is in 
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other eminent later astronomers have verified 


the Newtonian theory in more and more 
detail. 

The ‘‘Cosmic Dust’’ Model. In order to 
explain gravitationally the flattening of the 
earth at the poles, tidal motion, ete., it is 
necessary to extend the particle model so as 
to embrace rigid, elastic, and fluid bodies. 
Newton began this process of extension by 
proving that homogeneous rigid spheres 
would attract one another according to his 
theory exactly as though their masses were 
concentrated at their centers. By proving 
this basic theorem, he was able to reduce this 
model to that of the simpler particle model. 
There is no theoretic difficulty in applying 
the Newtonian theory to any given type of 
matter, since, according to Newton’s law, the 
known gravitational forces are mere!y super- 
imposed on the other forces. 

Unfortunately, the rigid body model is 
absolutely out of place in a relativistic theory 
of gravitation. A simpler type of model 
which is serviceable in other cases, however, 
is that of inchoate matter formed by cosmic 
dust. The state of such cosmic dust is 
thought of as characterized by its density 
and vector velocity at each point, each of the 
particles being attracted towards all the 
other particles in accordance with the New- 
tonian law. This model is especially con- 
venient since it enables one to compare 
directly the recent relativistic gravitational 
theories with that of Newton. 

With this cosmic dust model we have only 
to state the following two requirements of 
Newtonian gravitation in mathematical form, 
using the appropriate language of 3-vectors: 
mass is conserved; the acceleration of each 
point is in accordance with the limiting form 
of gravitational law obtained by passing from 
the case of many small particles to the limit- 
ing case of a continuous distribution of mat- 
ter. These turn out to be fully expressible in 
the following abbreviated form: 








ew yen 
a w pu=v, 
d(pu) wie 
at =pg 9; 


div grad g=—4np. 
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Here p designates the density, wu stands fo» 
the vector velocity, and 7 is the familiar ra} 
of the circumference of a circle to its diay 
ter. The last written equation is called P 
son’s equation, and the function g y 
enters is called the gravitational potent 
and is required to be zero at infinity. 
These equations are written down becays 
they serve to show how the appropriate |ay. 
guage of the calculus and of 3-vectors yi, 
the essence of a grandiose and extensive 1 
ory in extraordinarily abbreviated symbolj | 


form. It will be especially instructive as \ 
proceed to compare visually this sym 
form with the related symbolic forms of the ! 


other theories of gravitation. 
Physical, Philosophical, and Mathematica 

Difficulties. Despite the tremendous sve. 

cesses scored by the Newtonian theory, ther ; 


to be mentioned. 

Firstly, as noted above, there are delicate t 
gravitational effects, just within observa. : 
tional range, which the Newtonian law 
gravitation does not account for. 

Secondly, certain natural philosophical re- 
quirements are violated by the theory. For J 
example, this law assumes that gravitatio: 
forces are transmitted instantly, whereas 
elsewhere in nature it appears that inter- 
action between distant bodies is always 
propagated with finite velocity across 
intervening space. Newton himself was 
aware of this grave difficulty of his theory 

Furthermore, gravitational forces are 
clared to be merely superadded to the other 
natural forces. Thus gravitation appears as 
a kind of afterthought on the part of t! 
Creator! 

Moreover, according to this theory, t! 
might be a single rotating body. From thi 
philosophical point of view, however, it ap- 
pears unreasonable to think that, if ther 
were only a single body in the universe 
could be rotating. For with respect to w! 
would it rotate? Nevertheless, according t 
Newtonian theory this could be the case. 

In what follows we shall merely mentio! 
similar general philosophical comments. Th: 
following fact should always be borne in 
mind in this connection: There are many 
plausible philosophical demands, and yet ' 
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' conceivable theory can satisfy them all since 


they are often mutually contradictory. 

Thus, for example, it is natural, on the 
one hand, to suppose that matter somehow 
conditions space. But it also appears almost 
inevitable to think of events as transpiring 
in an invariable framework of space and 
time. 

Under these circumstances it is wise to 
preserve a certain humility of spirit and not 
to insist too much upon specific philosophic 
requirements ! 

There are also some mathematical difficul- 
ties in the Newtonian theory, in particular 
as applied to the ‘‘particle’’ or the ‘‘cosmic 
dust’’ model. 

In the ease of the model based on particles, 
the difficulty arises at collision. As long as 
only two of the mass points collide, it is pos- 
sible to determine mathematically the sub- 
sequent development of the system in a 
unique and natural manner. However, it 
appears that when three or more particles 
collide simultaneously, there is a mathemati- 
cal indeterminateness in the subsequent 
motion. Such indeterminateness seems ob- 
jectionable in a physical theory based on the 
concept of causation. From this point of 


view the particle model has an unquestion- 


able defect. 
Likewise the model based on the type of 


' matter called cosmic dust presents its own 


’ special difficulties. 


' place if there existed elastic pressure. 


In fact a dust cloud will 
from time to time overlap itself, when differ- 
ent parts interpenetrate ; this would not take 
Even 


worse, a three-dimensional cloud of dust may 
be turned inside out as time elapses : Suppose 
that in a spherical cloud all of the points are 
moving towards the center with a velocity 
proportional to the distance from the center. 
The cloud would then condense to a point at 
a certain instant and continue as an expand- 
ing spherical cloud, but ‘‘inside out.’’ 

If, however, we introduce a homogeneous 
adiabatic fluid or gas, with a pressure p and 
density p which are functionally related as 
in a perfect gas, there will still exist a similar 
possibility of indeterminateness, namely 
when two portions collide at a relative veloc- 
ity more than twice the disturbance velocity. 

There is, however, an artificial kind of 
mass particle which avoids these difficulties. 
If we suppose that the force of interaction 
between two particles is one of mutual re- 
pulsion at small distances, then collision may 
This would happen if, for 
example, besides the Newtonian foree of 
attraction proportional to the inverse square 
of the distance, there were a further force of 
repulsion proportional to the inverse cube of 
the distance. 

Unfortunately, with this type of model, 
instead of the excessive perihelial advance 
which is found in the case of Mereury there 
would be a regression. Furthermore the 
modified theory would be definitely less ele- 
gant than that of Newton, since the particles 
would no longer be characterized physically 
by their mass alone. 


be impossible. 


(To be concluded) 




















THE AFRICAN ORIGINS OF THE AMERICAN NEGRo | 
AND HIS ETHNIC COMPOSITION 





By M. F. ASHLEY MONTAGU 


Ir is the purpose of this paper to analyze 
and evaluate the available published material 
which relates to the African origins of the 
American Negro and his ethnie composition. 
While this is the principal purpose of the 
present contribution, some endeavor will be 
made, in the light of this material, to predict 
some of the possible trends which the ethnic 
composition and genetic development of the 
Negro population in the United States are 
likely to follow. Our first task will be to 
determine what is at present known concern- 
ing the origins of those Negroes who were 
brought to America from Africa. Our sec- 
ond task will be to determine the kind and 
the degree of the ethnic intermixture which 
the American Negro has undergone since his 
arrival upon these shores. 


Popular BELIEFS 


It is a common belief that the American 
Negro represents a mixed population which 
was drawn from practically every part of 
Africa. Du Bois, for example, pointing out 
that the slave trade must have cost Africa 
in the vicinity of 100,000,000 souls, adds that 
‘*Such a large number of slaves could be sup- 
plied only by organized slave raiding in 
every corner of Africa.’’ He goes on to 
make the comment, ‘‘The natural desire to 
avoid a painful subject has led historians to 
gloss over the details of the slave trade and 
leave the impression that it was a local west- 
coast phenomenon and confined to a few 
years. It was, on the contrary, continent wide 
and centuries long and an economic, social, 
and political catastrophe probably unparal- 
leled in human history.’’ In a more recent 
work a very similar viewpoint is expressed, 
namely, in Edwin R. Embree’s Brown Amer- 
ica (New York, 1933). The author writes: 


The slaves were by no means of uniform lineage. 
They represented tribes as divergent as the several 
peoples of Europe. They were captured from pro- 
vinees covering large parts of Central and Western 
Africa: Guinea, the Ivory, Slave and Gold Coasts, a 
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great part of what is now French West Afr 
vast stretches of the Niger Valley, the Cam 
the Congo, and Benguela. Among them were A 
and Moors from the northerly coasts, the sma 
low Hottentots from the South, and Bantu 
from the equatorial regions, although most of { 
were the large-bodied blacks from the hug 
ealled Guinea. For four centuries the great 
merce in slaves ranged over four thousand miles of } 
African coast, from the Senegal River on the 
to the southern limits of Angola, and reached 
thousand miles or more inland. 

The early manuscripts record the greatest divers 
in the African peoples dealt with... .’’ 


While there may be some truth in claiming 
such a universal provenience for the Afric 
origins of the American Negro, the eviden 
at present existing by no means justifies suc 
blanket claims. Far from being even 
tially solved, the African origins of 
American Negro constitutes one of the most 
glaring of the unsolved problems relating 1 
his history. The present writer has litt! 
doubt that, when the subject receives the | 
attention it deserves, a claim such as that 
made by Embree will be found to be substan. 
tially justified, but until the evidence has 
been made available and critically examin 
it were unwise to grant such a claim any 
status other than that which it deserves 
namely, that of a reasonable suppositio! 
rather than a demonstrated fact. 


HISTORICAL INTRODUCTION 


Since the history of Negro slavery prior t 
the discovery of the New World is of so01 
relevance for an understanding of the fae- 
tors relating to the introduction of the Negro 
into America after its discovery, a brief ac- 
count of that subject may be given here. 

Slavery as an institution in Africa itsel! 
appears to have been established long befor 
the dawn of written history. The practice 0! } 
intertribal raiding for slaves, and the tradi 
in them, is a very old African institution 
We know that the Egyptians, from the first 
to the last Dynasties, utilized Negro slave 
labor, and the facts all indicate that the 
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: Egyptians themselves secured slaves by war- 
’ fare and raiding, and at other times obtained 
them by trade. It is quite clear that Cyrene 
' and Carthage supplied Egypt with a contin- 


Sa sheet 


yous stream of slaves from Africa. It was 
| onlv with the increase in the Fellahin class 

and the consequent supply of cheap labor 
’ that the amount of slave labor employed in 
Ptolemaic Egypt greatly declined. In Crete, 
(Greece, and Rome, Negroes were enrolled in 
the army and were enslaved as domestic 
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servants. 
The modern trade in slaves actually had 

| its inception in the Mohammedan conquests 

in Africa in the seventh century of our era; 

but it was not very much earlier, if at all, 

than the twelfth century that Negro slaves 
\- were expatriated from the continent of Af- 

rica. During the conquest of Spain and 
» Portugal the Moors, from 1195 onwards, 
} brought with them many Negro slaves. In- 
deed, it appears to have been the Moors who 
familiarized the Spaniards and the Portu- 
/euese with the institution of slavery. Ex- 
' cept for the fact that some Negroes appear 
' to have been brought from Africa by some 
Spanish adventurers during the latter part 
' of the fourteenth century, definite evidence 
of the arrival in Europe of Negroes as slaves 
from Africa is not available until the year 
1442, when Antem Gonsalvez, a Portuguese 
‘sailor, took back with him to Lisbon ten 
+ Negroes who had been seized at Rio de Oro 
/ on the northwestern coast of Africa. It is 
| by some stated that these Negroes were pre- 
/ sented by Prince Henry to the Pope, while 
} others state that they were sold at Lisbon, 
' with the result that numbers of Gonsalvez’s 
fellow-countrymen fitted out expeditions 
which, in the course of the succeeding fifty 
’ years, brought many slaves to the Hispanic 
peninsula, 
| The historical and documentary evidence 
shows that a large number of expeditions for 
_the purpose of securing slaves were made 
during this period. By the year 1474 in the 
Spanish city of Seville the slaves were so 
numerous that Ferdinand and Isabella nomi- 
j nated a celebrated Negro, Juan de Valla- 
) dolid, as Mayoral of Negroes in that city. 
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q With the accession of John to the throne 


of Portugal in 1481 the traffic in African 
slaves became a regular, though somewhat 
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restricted, trade, for in that year the Portu- 
guese established a fort on the Gold Coast 
and the 
Forts were also established along the 


commenced regular shipment of 
slaves. 
coast of West Africa as far south as Angola 
near the mouth of the Congo River, the first 
slaves actually being drawn from the vicinity 
of the Senegal, Nunez, Benin, and Congo 
By 1539 10,000 to 12,000 
Negroes were being sold annually, for do- 


Rivers. from 
mestic purposes, in the great slave market at 
Lisbon. A large proportion of these Negroes 
were very probably absorbed by miscegena- 
tion in the Portuguese population, in much 
the same manner as occurred later in other 
countries. However this may be, by 1502 
we find evidences of Negroes already well 
established in the New World chiefly on the 
island of Hispaniola (the island on which is 
situated the Republic of Haiti, and Santo 
Domingo), where they were for the most 
part employed in the mines. The precise 
date of the introduction of Negroes into His- 
paniola cannot be fixed, but it was probably 
some time between 1495 and 1500. 
Negroes were imported from Spain and were 
Christians. But with the increased demand 
for laborers the sale of licenses for the im- 
port of ‘‘bozel’’ Negroes (or direct 
from Africa) was initiated by Ferdinand in 
1513. That year may well be taken to mark 
the commencement of the Afro-American 
slave trade. 

Without having attempted any highly doe- 
umented history of slaving in Africa and 
Europe, we may none the less say with some 
degree of security (1) that slavery as an 
established institution over a wide area of 
Africa was known and practiced long before 
the appearance of the white man and (2) 
that in Europe itself the trade in African 
Negroes as slaves was practiced, in Portugal 
and Spain, for at least fifty years before the 
discovery of the New World. Thus, by the 
time that the importation of African Negroes 
as slaves into the New World began, the slav- 
ery pattern had already long been established 
among the Negroes themselves as a practice, 
if not as an institution, with which they 
were familiar. 

Among the discoveries of the New World 
the trade in slaves for the purposes of do- 
mestic labor, not to mention the commercial 
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profit, had. but relatively recently become a 
strongly established and increasingly vigor- 
ous pattern of behavior. With the discovery 
of the New World the stage was therefore set. 
Firstly, there were in Africa millions of 
human beings who were aware of slaving and 
slavery as a custom which was to some extent 
practiced among all the tribes with which 
they were familiar, and who took it for 
granted that it was not only possible but 
even desirable to raid or make war against 
other tribes for the purpose of securing 
slaves. So that when the Europeans arrived 
in search of slaves they soon found that it 
was not war that they had to make in order 
to secure them, but ‘‘gifts’’—to the Kings, 
Queens, and Chiefs who were more than 
ready to supply the demand of the European 
‘‘traders.’’ Secondly, the impetus given to 
the demand for slave labor by the discovery 
of the New World came at a time when slave- 
trading had but recently assumed an organ- 
ized form as a branch of legitimate commerce 
and was—almost as if it had been timed— 
ready for the boom in human flesh. 

These two patterns of conditions serve to 
explain both the ease and the rapidity with 
which the slave trade grew. The fact that 
the African Negroes had been traded as 
slaves to Europe for some fifty years before 
the discovery of the New World serves to ex- 
plain the readiness with which the Euro- 
peans unhesitatingly accepted the sugges- 
tion, as soon as it was made, that the labor 
of Negro slaves was the solution to the first, 
and most immediate, economic problem of 
the New World. 


AFRICAN ORIGINS OF THE AMERICAN NEGRO 


For the purposes of this discussion the 
present limits of the United States will be 
taken as equivalent to what we shall under- 
stand by ‘‘America.’’ By Africa we shall 
mean the whole of that continent in all direc- 
tions of the compass. 

As Herskovits has pointed out, two ap- 
proaches are possible to the solution of the 
problem of the African origin of the Ameri- 
ean Negro, the one historical and the other 
ethnological. 

The historical approach must rely prin- 
eipally upon documentary sources relating 
to the slave trade, and secondarily upon the 
recorded observations of travelers. 
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The ethnological approach relies upon { 
investigation of African culture traits ar 
American Negroes and the tracing of the; 
to their counterparts in Africa. It is ob) 
ous that the ethnological approach forms, a | 
least, a partial check upon the histor 
method. 

We shall deal first with the histor 


evidence, and finally with the ethnologic,| | 
evidence. 
Historical. Hispaniola, the island 


Santo Domingo which today contains t} 
republic of Haiti, was discovered by Colw 
bus in 1492. There is an unconfirmed trad 
tion that Columbus brought two Negroes } 
with him from Spain on his first voy 
of discovery. Since Columbus experie: 
great difficulty in recruiting a crew, 
since Negro slaves were abundant in the ] 
of Palos from which he sailed, this is not 
likely. It is not certain when Negroes wer 
first introduced into Hispaniola, but 
must have been introduced very shortly after 
the second voyage in 1493, for a decade lat 
in 1502, we find Ovando, governor of His. 
paniola, petitioning ‘‘that no Negro sla 
should be sent to Hispaniola, for they fled 
amongst the Indians and taught them bad 
customs, and never could be ecaptured.”’ } 
By the year 1520, four thousand Neer 
slaves were being imported annually into all 
the islands of the Greater Antilles (Cul 
Jamaica, Hispaniola, and Puerto Rico). 
When Negroes were first introduced int 
continental America is not absolutely cer- , 
tain. The date is generally given as 1619 
when, as John Rolfe tells in his General Hs- 
torie of John Smith, ‘‘about the last of Au- 
gust came in a Dutch man-of-Warre, t! 
sold us twenty negars.’’ This date seems 
surprisingly late, and will hardly appear 
credible to those who still labor under the 
impression that Columbus discovered Nort! 
America. The fact is that the mainland oi 
North America was first seen by John Cabot, 
in 1497, but no attempt at colonization was 
made by Europeans until 1562 when 
French Huguenots established a colony at 4 
site near the present town of Beaufort i 
South Carolina, and another, in 1565, in 
Florida. 


- 


These colonies were soon ruined 
In 1586 Sir Walter Raleigh made unsuccess- 
ful attempts to settle a colony of English in 
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Jirginia at Roanoke in what is now North 
SCarolina. It was not until 1607 that the 
ifirst lasting settlement was made in Virginia 
by the English, but it was apparently not 
puntil twelve years after the settlement of this 
Peolony that the first Negro slaves were intro- 
E duced, in 1619, into North America. From 
11569 to 1618 England’s only connection with 
ithe slave trade was a thoroughly indirect and 
Pcasual one, coming through the occasional 
pcapture of prizes carrying slaves. In the 
Hight of this fact, and the fact that the Vir- 
: ginia colony was at the time twelve years old, 
‘it may be taken as reasonably certain that 
Negroes were first introduced into North 
' America in the year 1619. If any Negroes 
‘were in existence in the colony before that 
idate, they must have been very few indeed. 
Thus, the first Negroes to land in America 


i did so exactly one hundred and twenty- 
4 “ ° 

‘seven years after Columbus discovered the 
) West Indies and South America. 


During 
this period of time, the West Indies and Bra- 
zil had been steadily receiving increasing 
supplies of Negro slaves; at first, for a short 
Christian slaves from Spain, and 
and soon exclusively, ‘‘pa- 
gans’’ from Africa. 

It may be that the Negroes landed from 
the ‘‘Duteh man-of-Warre’’ in Virginia in 
1619 were part of a prize taken by the Dutch 
somewhere in the West Indies, but for this 
there is no evidence, as there is none for the 
origin of these Negroes. - On the other hand, 
it must be pointed out that from the year 
1611 on the Dutch had established themselves 
as slave-traders on the Gold Coast and the 
Gambia. It therefore seems most probable 
that the first Negroes to arrive in North 
America were imported by the Dutch from 
the Gold Coast, possibly from Mouree, where 
their first fort, Fort Nassau, was built in 
1612. To the Gambia the Dutch had ac- 
quired access in 1617, so that it is also pos- 
sible that our Negroes came from this region 
of West Africa. By the middle of the seven- 
teenth century the Dutch had substantially 
displaced the Portuguese hold of almost two 
centuries upon that coast. The Dutch there- 
after carried on their activities from the 
Gambia to Angola, leaving the Portuguese 
to the Cape Verde and Gum Coast. 

It is desirable to point out here that dur- 
ing the two centuries of Portuguese domina- 


61 


tion of the Gold Coast much intermixture 
occurred between the natives and the Por- 
tuguese, and it is said that this left a consid- 
erable impress upon the physical character- 
istics of the natives themselves; so that it is 
possible that some of the Negroes who came 
to America had some Portuguese ancestry. 

After the sale by the Dutch of the first 
Negroes to arrive on these shores, the rate at 
which they were thereafter purchased is un- 
known. As early as 1630, eleven years after 
the importation of the first Negroes, the Vir- 
ginia colony found it necessary to provide 
for the public confession and whipping of a 
white man-servant for ‘‘defiling his body in 
lying with a Negro.’’ 

The period during which Negroes were im- 
ported as slaves into America lasted some 
240 years, from 1619 to 1860. 

The Portuguese, Dutch, British, and 
French slavers all traded from the coast of 
West Africa, and between the islands of the 
West Indies. 

As we have seen there is a general belief 
that the African Negro was brought to North 
America from almost every part of Africa. 
Herskovits has strongly combatted this view, 
pointing out that both the historical and 
ethnological evidence in giving the 
American Negro a practically exclusive West 
African origin. <A survey of the available 
evidence indicates that Herskovits 
stantially correct in his judgment that the 
vast majority of the slaves who reached this 
country came from West Africa. Certainly, 
slavery in Africa was a continent-wide prac- 
tice, but Herskovits points out, ‘‘Slaves cap- 
tured in the interior of West Africa or in 
the eastern part of the continent were much 
more likely to be taken to the native states 
of North Africa, to Egypt, or to Arabia than 
to be brought by way of the dangerous route 
overland to the West Coast and the slave- 
ships or to be transported by sea on the long 
journey around the Cape of Good Hope.’’ 

It is probable, nevertheless, that some 
slaves did reach the coast of West Africa 
from the interior, but if that was so we have 
no evidence either as to their numbers or 
their provenience. It must be remembered 
that the coast of West Africa, from the Sene- 
gal to Angola, extends for a distance of some 
4,000 miles. There is good reason to believe 
that the density of the populations occupy- 
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ing the coastal regions of this area was quite 
sufficient to supply the many millions of 
souls who were shipped from every part of 
this vast territory to the New World. All 
the names of native places and tribes men- 
tioned in the existing documents of the trad- 
ing companies are of West African coastal 
or near-coastal provenance. Similarly, Ol- 
lendorps, a German missionary who was sent 
out to the Virgin Islands as an inspector of 
missions, and published a report in 1777, 
found that the tribal origins of the slaves 
could all be traced to peoples inhabiting the 
region from the Gambia River to the mouth 
of the Niger. 

Ethnological. With respect to the ethno- 
logical evidence it may be said that this, in 
every way, confirms the above conclusion. 
Place names, tribal names, customs, lan- 
guage, and music gathered among the Ne- 
groes in the New World all point in the same 
direction, namely, to West Africa. 

We conclude, then, that the available his- 
torical evidence indicates that the Negroes 
who were shipped as slaves from Africa to 
North America were taken from the peoples 
whose original homes extended all the way 
from Senegal in the north to Angola in the 
south along the West Coast of Africa. 


ExtTrRA-AFRICAN ORIGINS OF THE 
AMERICAN NEGRO 


Under this heading we shall briefly inquire 
into the origins of these African Negroes 
who found their way to North America in- 


directly from Africa. Such an inquiry is, 
of course, of fundamental importance for an 
understanding of the ethnic composition of 
the American Negro. Some interesting facts 
will be seen to emerge. 

We have already seen that Negroes were 
first brought to Europe during the conquest 
of Spain by the Moors in the latter part of 
the twelfth century of our era, and that up 
to the discovery of the New World at the end 
of the fifteenth century Negrées were stead- 
ily being imported into Spain. These Ne- 
groes came chiefly from North Africa, and 
some from the East Coast, and Madagascar. 
Those from North Africa appear to have 
come chiefly from the region of the Sudan 
in the northeast. From the northwest Rio 
di Oro, the Great Desert regions, Libya and 
the regions further south, the Arab slave 


routes led towards Morocco, whence th, 
slaves were sold to all the Moslem states ; 
Asia Minor and Turkey, to Spain, and ; 
Portugal. Essentially the same regions wer, 
later to be exploited by the Portugues 
chiefly for the Brazilian market. 

In Spain and Portugal much mixture mys 
have occurred between Negroes drawn froy, 
very different parts of Africa, as also bhp. 
tween the Moors, the Spaniards and the Por. 
tuguese. We shall be justified in regarding 
the Negro population of Spain and Portuga| 
at the end of the fifteenth century as an 4). 
ready much mixed one. The point is impor. 
tant because the Negroes who were first sent 
out to the New World were drawn from 
Spain and later from Portugal. 

The number of Negroes who were exported 
to the New World from Spain and Portugal 
is unknown. A large number of them, as we 
know, were Christianized, but we find early 
references to some who were not, ‘‘ pagans,” 
and interestingly enough, Berbers—in His. 
paniola in 1506. Since such mixed Negroes 
were later exported to most of the islands of 
the West Indies and to Brazil, and since 
some of these mixed individuals later found 
their way to the mainland of North America, 
however slight their contribution may have 
been to the ethnic composition of the Ameri- 
ean Negro, it is a point which must be kept 
in mind in any discussion of that composition. 

With the discovery of the New World in- 
termixture between the Negroes and the in- 
digenes of the West Indies began almost at 
once. Thus, as we have already seen, in 
1502 we find the newly arrived Ovando, gov- 
ernor of Hispaniola, petitioning the Spanish 
Court ‘‘that no Negro slaves should be sent 
to Hispaniola, for they fled amongst the In- 
dians and taught them bad customs, and 
never could be captured.’’ With the increase 
in the demand for slaves, Negroes were soon 
being shipped directly from Africa to the 
West Indies and Brazil, and it is here that 
the evidence becomes clear that, as far as the 
West Indies are concerned, very large num- 
bers of Negroes reached these islands who 
eame from parts of Africa which were not 
restricted to the coastal regions of the west- 
ern part of that continent. 

In addition to the West Coast, the Portu- 
guese are known to have exported slaves to 
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the West Indies and to Brazil from East 
Afriea, particularly Mozambique. 

From the Upper Congo above Stanley 
Pool, from the Central Niger region, from 
Hausaland, and from the lower Congo, to- 
wards what is now Northern Rhodesia, slaves 
were drawn in great, but indeterminate num- 
hers. Slaves from these regions were being 
shipped to the Americas as late as the second 
quarter of the nineteenth century and, ac- 
cording to Torday, even later. 

While it seems clear that many Negroes 
were brought to the Americas from places in 
Africa besides the West Coast, it should be 
equally clear that, owing to the considerably 
ereater remoteness of these parts from the 
Americas, appreciably fewer Negroes can 
have been brought from them than were 
brought from the West African coast. 

Thus, again we must conclude that the 
majority of the Negroes who reached the 
New World were predominantly of West 
African origin, but that there were also ap- 
preciable numbers among them who were 
lerived from North-Central, South-Western 
and East Africa. It must be supposed that 
these Negroes were already very thoroughly 
mixed, among themselves and with the In- 
dians of the islands and of the mainland of 
Brazil, by the time most of them reached 
North America. 

It is known that many of the slaves im- 
ported into the English colonies came by way 
of the West Indies, and unquestionably some 
of these were of mixed blood. The mingling 
of Negroes and Indians, of course, occurred 
first in the West Indies. Interestingly 
enough, there seems to have been an appre- 
ciable amount of inter-island trading in In- 
dians and Negroes, and lots of the one were 
occasionally exchanged for the other. Thus, 
for example, Indians and Negroes were sim- 
ultaneously introduced into the Bermudas 
for the first time in 1616, the supply being 
continued through importation of Negroes 


from Africa and ‘‘redskins,’’ the latter 
sometimes in exchange for Negroes. Many 


of the colored people of Bermuda are said 
to show in their physiognomy the influence 
of the Indian type. 


ErHnic MIxtTurE OF THE AMERICAN NEGRO 


From the very beginning the American 
colonies held Indian and Negro slaves. The 


principal effects of the relation between Ne- 
groes and Indians as fellow slaves has been 
summed up by Reuter: 

a number 


Slavery of the native Indians existed in 


of English colonies before the coming of the Negroes. 
cases sold into 


Those captured in battle were in som 


in distant colonies. Others were kidnapped 


slave ry 

along the coast and sold as slaves in the more settled 
regions. . . . With these enslaved Indians the Negro 
slaves came into close and intimate contact. The 


} 


social status was the same and as slaves they met on 


terms of equality 
the body of Negro slaves increase 
slaves we 


Intermarriage following and, as 
1 and Indian slav 
ery declined, the Indian gradually ab 
sorbed into the larger black population. 

One of the most interesting results of In- 
dian-Negro contacts was the development of 
a regular slave-trade among certain Indian 
tribes. Thus, for example, the civilized 
tribes in the Indian Territory did an appre- 
ciable trade in Negro slaves. A government 
investigator in 1841 and 1842 reported that 
‘“Comanches steal Negroes sometimes from 
Texas and sell them to Cherokees and Creeks. 
The latter have been known to pay $400 and 
$500 for a Negro.’’ 

The available evidence indicates that mix- 
ture between Indians and Negroes has been 
of vastly greater proportions than has hith- 
erto been realized. 

At least two Indian tribes, the Creeks of 
Georgia and an offshoot of the latter, the 
Seminoles of Florida, were completely Afri- 
eanized. The Seminoles, or ‘‘runaways,”’ 
treated their Negro virtually as 
equals; and in the Seminole wars the In- 
dians and Negroes fought side by side. 

Negro-Indian mixture has occurred, to a 
ereater or lesser extent, throughout America. 
Such intermixture has proceeded down to the 
present day wherever Negroes and Indians 
have come into contact. In recent years 
there has been some mixture between Negroes 
and Mexican Indian peons brought into the 
sugarbeet plantations in Kansas. 

Negroes look upon Indian ancestry as 
something of which to be proud. Thus, 27.3 
percent of the Negroes—out of a total of 
1.551 individuals—examined by Herskovits 
claimed some Indian ancestry. At the pres- 
ent time, however, no significant admixture 
of Negro and Indian stocks is in progress. 


slaves 


NEGRO- WHITE MIXTURE 
Until the publication of Herskovits’s clas- 
sical studies the enormous extent of Negro- 
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white admixture was hardly realized even 
in the best informed quarters. At the pres- 
ent time it is still impossible to make any 
definite statement as to the number of Ne- 
groes in America who have some white an- 
cestry, and the number of whites who have 
one or more Negro ancestors. Census re- 
turns are of little value here owing to the 
arbitrary methods of classifying Negroes, 
Mulattoes, and whites. All that it is at 
present possible to say is that it is probable 
that the majority of Negroes have some white 
ancestry. According to the 1920 census some 
20.9 percent of the Negro population consists 
of Mulattoes. Writing as an anthropologist 
with genetical interests, the present writer 
would put that figure nearer 80 percent if 
we take the term Mulatto to refer to the pres- 
ence of some white ancestry in an individual 
of primarily Negro origin. This figure of 
approximately 80 percent is confirmed by 
Herskovits’s finding on a_ representative 
sample of 1,551 Negroes. 

The Negroes have from the earliest days 
mixed with all classes of the white popula- 
tion, the mixture for the most part being 
between Negro women and white men. 

During the Colonial period, when white 
women were scarce, Negro women naturally 
received a great deal of sexual attention 
from the pioneer whites. During the period 
of slavery, the slave owners and their sons 
frequently made free of such Negro women 
as took their fancy. Thus, there was a 
good deal of mixture between ‘‘upper class’’ 
whites and Negro slavewomen. Up to the 
present time the polygynous relationship in 
which a white married man maintains a col- 
ored woman, and his children by her, persists 
in many parts of the United States. 

Actually, our knowledge of the relative 
frequencies with which members of the dif- 
ferent classes among whites are responsible 
for miscegenation is quite unknown, but it 
is a safe inference that all classes of the white 
population are involved. 

Negroid individuals from other parts of 
the New World have not entered America in 
very large numbers, but such as have entered 
have certainly been quickly absorbed in the 
American Negro population, and there can 
be little doubt that in certain localities, par- 
ticularly on the eastern seaboard, they have 
helped to modify somewhat the physical type 


of the Negro. That modification, however 
has always been towards the Negro side of 
the balance rather than otherwise. But this 
is a matter upon which evidence is conspicy. 
ously lacking. 

That the Negro population every year lose 
some of its members by ‘‘passing”’ of those 
who may ‘‘pass’’ for whites is certain, an) 
although the number who do so is unknown. 
the proportion who are thus lost is probably 
negligible. ‘‘Passing’’ has little, if any 
effect upon the physical character of the 
white population since an individual wh 
passes from the Negro to the white group 
must genetically be considered white. The 
birth-rate of the Negro population so far ex. 
ceeds the death-rate that such losses by pass. 
ing can be considered to play no significant 
role in limiting the size of the Negro popv- 
lation. The physical character of the Negro 
population is, however, definitely affected by 
passing, for the ‘‘passers’’ were potential 
lighteners of skin color, and in that sense 
they represent a definite loss to the Negro 
population which, on the whole, prefers 
lighter skin colors to the darker ones. Since 
dark men tend to marry lighter women, it 
seems clear that the Negro population is des- 
tined to become stabilized around a skin 
color which is definitely ‘‘black’’ or dark- 
brown, though somewhat lighter, on the 
average, than that of the true West African 
Negro. 


THE ETHNIC COMPOSITION OF THE NEGRO 
POPULATION TODAY 


The American Negro population of today 
is a composite of African, white, and Indian 
elements. The American Negro is often de- 
scribed as a hybrid. But a hybrid is the 
offspring of two distinct lines, and the 
American Negro is rarely, if ever, that. He 
is, on the other hand, the end-product of 
many lines. He is, firstly, a much mixed 
African who has, secondly, been much mixed 
with a large variety of whites—Spanish, 
Portuguese, Dutch, British, and French— 
and, thirdly, there has been a considerable 
addition to this admixture in the form of the 
New World and American Indian. The 
American Negro population, we may say 
with Herskovits, 


combines the traits of its ancestral racial types, and 
has so blended them that any given feature is about 
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istant between the typical African feature, on 


equid 
~ one hand, and the typical European and Ameri- 
We can therefore 
that the American Negro resembles all of 
He is 


the 


* can Indian features, on the other. 
say. + 
his ancestral types, and yet is none of them. 
jjstinctive among human beings. Varied though 
{merican Negroes may seem to our untrained eyes, 
when we actually test the extent of this variation, we 
find that it is no greater than that found among any 
of the so-called ‘‘pure races’’ from which they have 


come. 


REPRODUCTIVE DIFFERENTIALS AND PROB- 
ABLE FUTURE OF THE NEGRO 


Census figures show that the Negro popu- 
lation has increased from 757,208 in 1790 to 
11,891,143 in 1930. The percentage of Ne- 
eroes in relation to the total population in 
1790 was 19.3, whereas in 1930 that percent- 
age was only 9.7. 

This difference is, of course, not due to a 
decline in the relative fertility of the Negro, 
but reflects rather the disproportionately 
greater increase of immigrant whites into 
this country as compared with the compara- 
tively insignificant immigration of Negroids. 
Since immigration of whites is now much 
restricted we may expect a relatively marked 
increase in the numbers of the Negro popu- 
lation. Recent studies of the Negro popula- 
tion problem show that the Negro is now re- 
producing at a more rapid rate than the 
white. In 1930 the birth-rate of Negroes in 
the Registration area was 21.6 per thousand 
population compared with 18.7 for whites. 
The birth-rate of Negroes per thousand 
enumerated females in the reproductive ages, 
15 to 45 years, was 82.5 and that of whites 
78.4. The average number of children born 
to mothers who had been delivered of a child 
in 1930 was 3.6 for Negroes and 3.1 for 
whites. 

The Negro death-rate is everywhere in 
America higher than that of the whites. 
Thus in 1930 the death-rate per 100 persons 
was for Urban Negroes 22.8 as compared 
with 12.0 for whites, and for Rural Negroes 
17.0 as compared with 9.5 for whites. In- 
fant mortality is about 60 percent higher 


than that of whites. For the same year the 
total Negro death-rate was 16.92 as compared 
with 10.91 for the whites. 

As all investigators are agreed, the high 
Negro death-rate merely reflects the poor 
health conditions under which Negroes are 
for the most part forced to live. The mor- 
tality has been chiefly due to preventable 
diseases, and as soon as something is done to 
improve the health services and the condi- 
tions of life under which the Negro popula- 
tion struggles for existence, there can be 
little doubt that both the Negro and the 
white mortality rates will very appreciably 
decline. 

The reproductive tendency of Southern 
Mulatto families has been slightly higher 
than that of black families living in the same 
localities. 

The better status of the 
Mulatto must here, on the whole, be held 
accountable for his superior reproductive 


socio-economic 


tendency. 

The prediction of population changes is at 
best a hazardous affair. Too many variables 
are involved, and it is quite impossible to 
predict the future history of all these vari- 
ables with any degree of certainty. On the 
basis of certain assumptions, however, which 
have been made by Whelpton, a relatively 
greater increase is predicted for the Negro 
population between 1930 and 1980, when 
Negro females may increase by more than 49 
percent and white females at little less than 
36 percent. All students of this subject 
agree that a relatively greater increase of 
the Negro population is something which can 
be predicted with certainty, having regard 
to the observable trends in the variables con- 
cerned and of the Negro population itself. 
For the next hundred years, at any rate, it 
may be confidently predicted that the color 
of the Negro population will tend towards a 
more uniform distribution of the darker 
shades, so that we may expect a larger Negro 
population more uniformly dark-brown col- 
ored, or ‘‘black,’’ than the present Negro 
population of America. 





POPULATION PROBLEMS OF A NEW 
WORLD ORDER 


By KARL SAX 


Promises of an abundant life and freedom 
from want for all peoples of all nations seem 
to be made with no consideration of agricul- 
tural production or population pressure. 
The universe may be expanding, but this 
world is not, and already many parts of the 
world cannot support the existing popula- 
tions at much more than a subsistence level. 
Man lived and multiplied on this earth for 
five hundred centuries before the population 
reached 850,000,000 people, but at the end 
of one additional century the world popula- 
tion had doubled. During the recent past 
the world population has been increasing at 
the rate of one percent a year, a rate which 
would nearly double the present population 
before the end of this century.1. There are 
now forty persons per square mile of land 
area in the world. The population density 
of the United States is almost exactly that of 
the world as a whole. Some parts of the 
world have high population densities; other 
areas are sparsely populated. In some areas 
the populations are growing rapidly, while 
in other regions the population is at a sta- 
tionary level. It is the differential popula- 
tion growth and density in various parts of 
the world that present difficult problems in 
establishing global unity so essential to world 
peace and security. 


I 


It is estimated by competent authorities 
that about two and one-half acres of arable 
land are needed to provide a human being 
with essential food, clothing, and other neces- 
sities.2 The total area of all crop land in the 
world is about four billion acres, according 
to Dr. H. H. Bennett, head of the United 
States Soil Conservation Service. The world 
population is now over two billion, so that 
the cultivated land per capita is only two 
acres. There is more land that can be culti- 
vated in many parts of the world, but most 

1R. Pearl, Natural History of Population, 1939. 


2P. E. Brown, ‘‘Land and Land Use,’’ Science, 
83: 337-343, 1936. 
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of it can be farmed only with diminishing 
returns or at a much greater cost of prodye. 
tion. Many regions of the world are already 
overpopulated on the basis of domestic agri. 
eultural production. With the exception of 
Russia, practically all the nations of Europe 
and Asia are no longer able to produce 
enough food to maintain adequate nutri. 
tional standards. The population of larg 
parts of Asia manages to live on less than one 
acre of arable land per capita, but the masses 
do little more than survive and many do not 
even do that very long. Millions of acres 
have been exhausted by continued cultiva. 
tion and erosion, and no new acres are avail- 
able in these densely populated areas. Th: 
answer to the population problems of Europe 
and Asia would seem to be the proper distri- 
bution of either the populations or the food 
supplies of the world, but in practice this 
solution is not at all simple. 

When population pressure exceeds the 
food supply, as it does in many parts of the 
world, there are several paths of escape. The 
overcrowded nations of Europe have fol- 
lowed three methods. Industrialization and 
modern methods of transportation have en- 
abled these nations to maintain populations 
whose food requirements exceed their own 
agricultural production by importing food 
in exchange for manufactured products. 
Population pressure also has been relieved 
by the migrations of the people of Europ 
to the new nations of the Americas, Australia 
and Africa. These two methods are possibl: 
only when other parts of the world ean stil! 
support larger populations or can produce a 
surplus of food products. The third method 
followed by the peoples of Europe, in spit: 
of legal and religious bans and the exhorta- 
tions of priests and politicians, is the artifi- 
cial reduction of the birth rate. Most of the 
European countries have reduced their birth 
rates during the past fifty years from over 
thirty per thousand to less than twenty per 
thousand. In fact, many of these countries 
—England, Germany, France, Austria, and 
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Seandinavian nations—have had birth 


tne 
rates below replacement levels, and nearly 
all the others are rapidly approaching a sta- 
tionary or diminishing level of population. 
Of the countries of Europe, only the Slavic 


ee 


nations have anything approaching the ‘‘nat- 
ural’’ birth rate of forty per thousand, and 
only Russia has agricultural resources to 
support a much larger population. As the 
socio-economic conditions improve in Russia, 
her birth rate too will decline. 

Population pressure in Asia is even greater 
than it is in Europe, but the nations of Asia 
have found no satisfactory solution. More 
than half of the world population lives in 
Asia, with little relief from population pres- 
sure by migration, industrialization, or birth 
control. Only Japan has developed indus- 
tries sufficient to permit her to import a con- 


siderable part of her food supply. Indus- 
trialization and aggression have enabled 


Japan to double her population during the 
past fifty years, but the increase is main- 
tained only by low standards of living and 
long working hours. China and India have 
birth rates considerably higher than Japan’s 
thirty per thousand, but their populations 
have grown more slowly, because these coun- 
tries have been unable to provide for a rap- 
idly growing population. The Malthusian 
law operates with little restraint in conti- 
nental Asia. Population has increased faster 
than food supply and has been held in check 
only by famine, pestilence, and natural catas- 
trophes. 

Can the people of Asia meet the problems 
of population pressure? What are the pros- 
pects of increased food supply, migration to 


' sparsely populated regions of the world, or 


reducing birth rates to the level of agricul- 
tural production? 

Food production in Asia cannot be in- 
creased appreciably. Most of the agricul- 
tural land already is in cultivation and, 
owing to intensive cultivation, produces more 
per acre than our farm land. The farms are 
small, averaging two and seven-tenths acres 
in Japan, three and three-tenths acres in 
China, and a little more in India. Three- 
fourths of the population derives a living 
from agriculture? Modern agricultural 


8G. B. Cressey, ‘‘ Agricultural Regions of Asia,’’ 
Econ. Geogr., 10: 109-142, 1934. 


methods would result in little increased pro- 
duction, although they would release many 
people for the development of essential in- 
dustries. 

Industrialization of Asia can increase the 
food supply only so long as other nations are 
able to produce a surplus of agricultural 
products. The leading food exporting coun- 
tries are Russia, Argentina, Canada, and 
Australia. Russia, with her resources and 
modern methods of farming can export large 
quantities of food after the war, but if her 
birth rate remains at forty per thousand, 
Russia will, in another generation, require 
all the food she can grow. Improved socio- 
economic conditions in Russia probably will 
reduce the birth rate, but this will be offset 
by higher living standards. Argentina is 
able to export a third of the food she pro- 
duces, and Canada one-fifth. Europe alone 
will require most of the exports of both Aus- 
tralia and Canada. These and other food 
exporting countries can supply a consider- 
able agricultural surplus for some years, but 
most of them are growing rapidly and will 
have little surplus food for export in another 
generation. 

Emigration offers little hope for Asia, 
because the other the 
world are already populated or controlled 
by the white races. It seems improbable that 
Australia, Canada, the United States, and the 
countries of South America will welcome 
large numbers of Asiatics with any greater 
enthusiasm in the future than they have in the 
past. Most of these nations will acquire their 
own optimum populations in a relatively 
short time, without the questionable benefits 
of Asiatic immigration. Certainly there is 
no moral reason why those nations which re- 
strain their birth rates to improve their 
standards of living should provide for the 
surplus populations of other countries which 
breed without consideration of the economic 
and social consequences. 


most of regions of 


Invasion of neighboring countries, already 
overpopulated, provides no more Lebens- 
raum for the invader unless the peoples of 
the conquered nation are exterminated. 
Such a practice cannot be tolerated in a 
civilized world. Nor is there any biological 
justification for the myth of racial superior- 
ity, which has been used by the Nazis as an 
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excuse for their attempts to enslave or exter- 
minate neighboring peoples and racial ele- 
ments of their own population. 

Let us assume that we can help feed and 
industrialize Asia and increase the standard 
of living. So long as birth rates of forty to 
fifty per thousand persist, the population 
will increase just as fast as food supplies and 
medical science will permit. The only ra- 
tional solution of population pressure in 
Asia is the reduction of the birth rate. But 
among both nations and 
practice of birth control tends to be limited 
to the more fortunate socio-economic groups. 
The social and economic conditions in Asia 
would seem to preclude any general practice 
of birth control, unless recent advances in 
contraceptive methods make birth control 
more generally available and practicable 
than is now the case. 


II 


Many misguided optimists believe that 
there will always be enough for all regardless 
of the number of people who occupy the 
earth. Such optimism is not limited to news- 
paper columnists, such as Dorothy Thomp- 
son, who assures us that there is ‘‘enough for 
all’’ in this world of modern science. J. D. 
Bernal, a reputable English scientist, sug- 
gests that if we could convert coal and lime- 
stone into food materials ‘‘we should have 
enough food for a population thousands or 
millions of times that which exists at pres- 
ent.’’** An increase of one thousand times 
would establish a population density of 
40,000 persons per square mile of land sur- 
face of the world, while an increase of a 
million times would mean that there would 
be less than one square foot of land area 
available for each person! Nor is Bernal’s 
faith in agricultural science shared by those 
who know something about the subject. It 
is true that England can support one person 
per acre of cultivated land, but it can be done 
only by intensive cultivation, liberal use of 
fertilizer, an exceptionally favorable climate, 
and a low standard of living for a large part 
of the population. Her agricultural index 
of productivity is one hundred and seventy- 
seven compared with the world average of 


4J. D. Bernal, The Social Function of Science, 
1939. 
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one hundred, but this des not mean that : 
rest of the world can reach England’s Jey 
of productivity. 

It is true that science has made almp 
incredible contributions in the field of coy 
munication, transportation, production, a 
labor-saving machinery. Scientists wil] 
tinue to work miracles for the benefit of ma 
kind, but it is improbable that they can \) } 
much to increase agricultural productio, 
During the past fifty years, plant breediy: 
crop rotation, the use of fertilizers, pest a 
disease control, and the use of modern a» 
cultural machinery have increased yields py 
acre by as much as forty to sixty percent i 
the United States. This is a remarkable jp. | 
crease, but it has been almost completely 
set by the deterioration of the natural s 
fertility and by new problems in pest anj 
disease control. According to the U. S. Dp. 
partment of Agriculture Yearbook for 1938 
we are little more than maintaining cro 
yields at a stationary level in spite of remark. 
able advances in agricultural science. Thy | 
same trend is true in other countries. Sor 
nations have higher yields per acre than y 
do, but largely because of more intensive cil. 
tivation and less production per man. Th: 
American farmer cultivates an average 
twenty acres; in Belgium one man cultivates 
only five acres; and in China the averag 
area cultivated per man, or woman, is less 
than one acre.’ One-fifth of our populat 
can produce sufficient essential food with a 
surplus for the ‘‘ever normal granary,’’ but 
in China three-fourths of the workers ar 
engaged in farming and produce onl 
enough food for minimum needs, with littl: 
or no surplus for lean years. Whenever a 
large proportion of the population is re- 
quired to produce the food supply, the stand- 
ard of living for all is maintained at low 
levels. We could produce more food by mor 
intensive cultivation and by using more sub- 
marginal land, but this could be done only by 
lowering the living standards of the entire 
population. 

Since the world population density is ap- 
proximately that of the United States, : 
further examination of our population and * 
our resources is of particular interest. The 
United States is well endowed with natural 

5 E. M. East, Mankind at the Crossroads, 1926. 
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resources for a high degree of industrializa- 
tion and has large areas of fertile land for 
agricultural production, but in normal times 
we just about balance food imports with food 
exports and ship to foreign countries only 
about ten percent of our American-grown 
food. We ean produce more food but not 
enough to feed many more people either here 
or abroad. According to the U. 8. Depart- 
ment of Agriculture Yearbook, the present 
crop land area is somewhat more than four 
hundred million acres, but of this area about 
sixty percent is subject to erosion under cur- 
rent agricultural practices, or is too poor to 
farm at a profit. Half of this land subject 
to erosion or too poor to farm profitably 
should be retired from cultivation. Of the 
land not now in cultivation, less than fifty 
million acres should be used. Thus if we in- 
elude all crop land of any value which can 
be maintained in cultivation, the total is 
about three hundred and seventy million 
acres or less than three acres per person. At 
present, we use over three acres of arable 
land per person, and still we do not provide 
adequate food for a large part of our popu- 
lation. According to the Food Nutrition 
Board of the National Research Council, our 
pre-war diet was deficient by the following 
amounts: fresh vegetables fifty-nine per- 
eent; milk forty-five percent; citrus fruits 
and tomatoes twenty-eight percent; beans, 
peas, and nuts twenty-five percent; eggs sev- 
enteen percent and meat, poultry, and fish 
only four percent. Cereals were adequate, 
and there was an excess of fats and sugar. 
The deficiency of protective foods is largely 
a problem of economies, but these foods are 
expensive to produce and distribute. 

There may be a temporary solution of the 
food problem, without relying on the chem- 
ists to produce food from air, sawdust, and 
coal. Our normal diet consists of about forty 
percent animal products—meat, eggs, milk, 
and cheese. It requires six to eight times as 
much land to produce food in the form of 
meat and milk as it does to produce the basic 
cereal and legume crops. The reduction of 
animal products in our diet would release 
more of the basic food crops for human con- 
sumption. Recent work done at the Massa- 
chusetts Institute of Technology seems to 
show that the basic cereals and legumes, 
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fortified with essential minerals and neces- 
sary vitamins, can provide an adequate diet 
without meat and milk or even without fresh 
vegetables and fruit. Such a diet would be 
as satisfactory as that enjoyed by the Euro- 
pean peasant or the Asiatic coolie, although 
it might be more monotonous. In normal 
times this basic diet should be supplemented 
with the usual foods we enjoy, but in an 
emergency it would provide more food for 
more people. 

Actually there is little need for the Occi- 
dental peoples to look forward to synthetic 
food supplies or a cereal diet. Their growth 
rate is becoming adjusted to agricultural re- 
sources, and with few exceptions those coun- 
tries with limited resources have reached a 
stationary or diminishing population. Re- 
cent trends in the United States indicate that 
our population will be stabilized at about 
one hundred and sixty million. It is only in 
the Asiatic countries that population pres- 
sure is likely to exceed any possible increase 
in food production. Is the Occidental world 
going to adopt Oriental standards of living 
in order to feed and industrialize the peoples 
of Asia? 
raising the standards of living for all races, 
when even the richest Occidental nations are 


It seems premature to speak of 


unable to provide a reasonable standard of 
living for a large part of their own popula- 
tions. During the past year the exportation 
of only six percent of our food supplies to 
our allies and increased consumption of food 
by our war workers and soldiers have led to 
a food shortage in spite of the fact that we 
had bumper crops in 1942. 


II] 


The decline in birth rates in the western 
world has done much to reduce population 
pressure, but it has raised other problems 
which threaten the internal security of these 
nations. The threat which disturbs political 
and religious leaders is the fear that their 
nation or their sect will be submerged by 
more rapidly breeding nations or religious 
groups. France is often cited as the horrible 
example of the consequences of birth control. 
France has long had an approximately sta- 
tionary population, but in the years before 
the present war France had a higher stabi- 
lized rate of natural increase in population 
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than did Germany, England or the Seandi- 
navian countries. If all the countries of 
Europe had reduced their birth rates when 
France did, there would have been little ex- 
cuse for more Lebensraum. If manpower 
were the determining factor in wag, a popu- 
lation race between France and Germany 
would mean the defeat of France, simply 
because Germany has resources to support a 
larger population, just as Russia is destined 
to control all of Europe if she so desires. In 
a peaceful world there would be no need for 
expansion of population to the limits of sub- 
sistence, and each nation could maintain an 
optimum population level in accord with ade- 
quate living standards for all. Even in a 
world at war, a large population does not 
necessarily imply military might. China 
has at least five times as many people as 
Japan. 

In all countries in which the practice of 
birth control is prevalent, the differential 
birth rate between the different economic and 
educational classes is a matter of consider- 
able concern. The situation in the United 
States is typical of most Occidental nations. 
According to Lorimer et al., in Foundation 
of American Population Policy, the urban 
white families with annual incomes of over 
$3,000 had a reproductive index of only 0.46, 
while those with earned incomes of $1,000 a 
year or less had about twice as many chil- 
dren. But the only class which exceeded 
replacement levels in 1935 were those on re- 
lief, with a reproductive index of 1.43. Does 
this trend indicate that we are approaching 
the conditions of a termite society in which 
a specific caste is maintained only for the 
purposes of reproduction? Even in normal 
times the third of our parents least able eco- 
nomically to raise and educate children pro- 
duces two-thirds of our future generation. 
The same trend is found in relation to edu- 
eation. College graduates have relatively 
few children as indicated by their reproduc- 
tive index of 0.57, but those with less than 
a seventh grade education have had a repro- 
ductive index of 1.18. Fortunately our rural 
population has a considerably higher birth 
rate than our urban groups. 

The dependence upon the poorer and more 
ignorant members of society for the major 
portion of our future generation is not con- 









ducive to the best development of the ing}. 
vidual or the nation. If poverty and ignp. 
rance are the result of bad heredity, 
excessive fertility of this group will result jy 
the lowering of the average capacity of ¢] 
population. If, on the other hand, the mo, 
unfortunate members of society are the re. 
sult of poor environmental conditions, {| 
consequences are equally serious becaus; 
such parents cannot provide a favorable ; 
vironment for their children. Actually bo: 
heredity and environment are responsible fo; 
individual development. Man is subject : 
the laws of heredity in both physical an 
mental development, but the relation between 
inherent ability and success is so obseured | 
environment that it is difficult to determin 
an individual’s innate mental capacity. Th 
mental defectives belong to a special cate. 
gory, and there is no question about their 
undesirability for parenthood. 

Why do those who are least able to fee 
clothe, and educate children have muc! 
higher birth rates than the more able, or 
more fortunate, members of society? ‘) 
late Dr. Raymond Pearl, of Johns Hopki 
University, has provided the answer based 
upon a survey of more than 30,000 women i: 
urban maternity hospitals in the United 
States. Differences in birth rates among th: 
various racial, economic, educational, and re. 
ligious groups are due almost entirely 
differences in the prevalence and effective. 
ness of the practice of artificial contrace} 
tion, and to a minor degree to differences in 
age of marriage and the practice of criminal 
abortion. Among the rich and well-to-do 
eighty-three percent of the mothers with 
more than one child practiced contraception, 
while among the very poor classes onl} 
thirty-five percent used, or attempted to use 
contraceptive methods. Pearl’s detailed rec- 
ords show that these poor mothers had larg: 
families due primarily to ignorance of con- 
traceptive methods and to irresponsibility. 
rather than to a desire for many children 
This conclusion is supported by a surve) 
made by the Ladies’ Home Journal, in which 
it was found that practically all married 
couples want children and that nearly all 
want more than one, but that relatively few 
want more than four. 

The greatest enigma of this age of scienc 
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is the present status of the knowledge and 
practice of contraception. Public opinion 
surveys made by the Institute of Public 
Opinion and by the Ladies’ Home Journal 
show that more than three-fourths of the 
people of this country approve of the dis- 
semination of birth-control information by 
the medical profession and even of govern- 
ment-supported birth-control clinics. Dr. 
Pearl’s data show that the majority of mar- 
ried women practice, or think they are prac- 
ticing, some form of artificial contraception.® 
Yet our archaic laws prevent the dissemina- 
tion of reliable information and keep the 
$250,000,000 contraceptive industry on a 
semi-bootleg status.’ This seems particu- 
larly inexplicable in view of the fact that 
religion is no longer an important factor in 
suppressing such information. Nearly all 
the Protestant churches approve of artifi- 
cially controlled birth rates, and in 1930 
Pope Pius gave at least implied approval of 
‘natural’ birth control... Although the 
Catholic Church still opposes artificial con- 
traception, it is practiced by Catholics to 
about the same extent as it is by Protestants 
of similar economic and educational status. 

Both nations and families are confronted 
with the same problems. If they have more 
children than they can feed and educate, 
they are doomed to lower living standards 
and higher death rates and are handicapped 
in economic and cultural development. But 
if they do curtail birth rates they are in dan- 
ger of being overrun by the unrestricted 

6 Less than five percent of the contraceptors use 
methods recommended by most birth control clinics. 

7“*The Accident of Birth,’’ Fortune, 17: 83-86, 
February, 1938. 


8 In Boston we are still told that ‘‘birth control is 
against God’s Law.’’ 


breeding of their neighbors. The logical 
solution would seem to be the control of birth 
rates in accord with the national or family 
resources. At the same time, every effort 
should be made to insure equal opportunity 
for all. Only with equality of opportunity 
ean the inherent capacities of all individuals 
be fully developed. 

The history of both empires and families 
seems to show that a relatively high degree 
of culture and economic suecess tends to be 
followed by degeneration or extinction, just 
as in evolutionary history those species 
which developed a high degree of specializa- 
tion often failed to survive, while more de- 
generate or more aggressive species survived 
and flourished. Evolution does not guaran- 
tee progress, but only change. Man has been 
able to control his environment to a remark- 
able degree, and there is no reason why he 
should not be able to control his social evolu- 
tion. But it cannot be done by abandoning 
rational thought and reverting to mysticism. 
We need more of the scientific method, par- 
ticularly in the field of social relations and 
human conduct. 

The control of the birth rate is an estab- 
lished feature of Occidental civilization, and 
it must be adopted by the Oriental nations 
if the problems of population pressure are 
to be solved. The world cannot remain half 
slave and half free in control of population 
growth. There is not enough for all in many 
parts of the world, and unrestricted popula- 
tion growth in these areas can lead only to 
aggression or to chaos. Unrestricted birth 
rates not only are a threat to world security, 
but also they involve the freedom of the 
individual. This freedom must be extended 
to all classes and to all races if there is to be 
equal opportunity for all. 








SUNSHINE is a climatic factor of diverse 
and profound significance, for it sharply 
affects the amount of heat received by the 
surface of the earth from the sun. Sun- 
shine is also an increasingly recognized 
health-giving influence. In parts of the 
world where sunshine is inadequate, at least 
for a part of the year, human health is ad- 
versely affected. This is especially true of 
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SUNSHINE AND CLOUDINESS IN THE 
UNITED STATES 


By STEPHEN S. VISHER 


of the sky. For example, stars on clear 
nights make the sky beautiful, and scattered 
clouds add to the beauty of a moonlit night 
Clouds add greatly to the beauty of daw: 
and sunrise, and of sunset and evening 
Grey, overcast skies, on the other hand, re. 
duce all the colors of nature and have a de. 
pressing effect upon most persons. Studies 
by Ellsworth Huntington indicate, neverthe. 





MAP 1. AVERAGE NUMBER OF HOURS OF SUNSHINE PER YEAR 


children who fail to develop properly in 
cloudy areas unless the natural sunshine is 
supplemented by ‘‘bottled sunshine’’ (fish 
liver oils) or ultraviolet light. Bright sun- 
shine, however, may be harmful to various 
animals, especially insects, and to many deli- 
cate plants, and sometimes to man. 

The amount of cloudiness strongly affects 
the temperature by night as well as by day. 
In all seasons, cloudy days are generally 
cooler than clear ones, but cloudy nights are 
distinctly warmer than clear ones. This is 
because the clouds serve as a blanket. The 
amount of cloudiness also affects the beauty 


less, that although most people prefer bright 
weather following a cloudy period they usu- 
ally accomplish less work on a clear day than 
on a partly cloudy one. A long succession 
of clear days has a depressing effect, as is 
evident from the sense of relief commonly 
felt when clouds return, as for example in 
southern California after the almost cloud- 
less summer. 

Within the United States there are notable 
regional differences, and also sharp seasonal 
contrasts, in the amount of sunshine received. 
The accompanying maps, based on official 
Weather Bureau data gathered at the approx- 
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MAP 2. 


imately two hundred first order stations, pre- 
sent various aspects of widespread interest. 

Map 1, of the annual average number of 
sunny hours, shows that the Pacific North- 
west and a part of the Northeast receive on 
the average less than 2,200 hours of sunshine 
a year, or an annual average of less than six 
hours per day. Southern Florida and a 
large southwestern region receive, however, 
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CLOUD-COVERED BY DAY 


more than 2,900 hours a year, which means 
an average of more than eight hours a day. 
A considerable southwestern area receives 
ten hours a day, on the average. This map 
shows a general decline northward in the 
amount of sunshine received per year. Ex- 
ceptions occur, however, in areas near the 
Pacific Coast and near the Great Lakes, both 
of which receive considerably less sunshine 
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MAP 3. AVERAGE PERCENTAGE OF CLOUDLESS DAYS PER YEAR 
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than similar latitudes nearby. The southern 
Appalachian Mountains also are relatively 
cloudy, as is implied by their popular name, 
‘‘The Great Smokies.’’ The greater sun- 
shine in the Southwest than in the Southeast 
is due, of course, to its aridity. Map 1 is 
original, based on all the records of the first 
order stations to 1931. 

Map 2 shows the average percentage per 
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year of the sky which is cloud-covered by 
day. It will be noted that along the northern 
Pacific coast and in a large northeastern 
region, the sky is half cloud-covered on the 
average. In Florida it is cloud-covered more 
than a third of the day time, but in a large 
southwestern region it is cloud-covered less 
than one fourth of the day time. This origi- 
nal map is based on the difference between 
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MAP 5. AVERAGE NUMBER OF HOURS OF SUNSHINE PER SUMMER DAY 
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one hundred percent and the published 
‘‘annual percentage of possible sunshine.’’ 
Clear days (map 3) are twice as frequent 
in the Southwest as in the Northeast or 
Northwest. Indeed, in the Imperial Valley 
near the mouth of the Colorado River, more 
than nine-tenths of the days are clear, while 
parts of the shores of the Great Lakes have 
less than one-fourth of their days clear. 
This map is a shaded copy of one by Kincer 
in the Monthly Weather Review for 1920. 
Cloudy days (map 4) occur only rarely 
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Seasonal contrasts in sunshine are shown 
in maps 5-7, 5 and 6 of which are redrawn 
from those in the 1941 Yearbook. Map 5 
shows that in summer the eastern third of 
the country receives on the average less than 
ten hours of sunshine a day. The northern 
half of that eastern third receives fully as 
much as the southern half, partly because in 
the North the days in summer average more 
than an hour longer than in the South. The 
cloudiest eastern regions are in the Appa- 
lachians and northern New England, partly 
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MAP 6. AVERAGE NUMBER OF HOURS OF SUNSHINE PER WINTER DAY 


in southern Arizona where Yuma has fewer 
than twenty per year. Moreover, on most 
of those that are cloudy the sun is seen either 
at sunrise or at sunset. To emphasize this 
fact, the Yuma hotel advertises that it does 
not charge its guests for board or room on 
any day that the sun does not shine. It 
very seldom fails to charge. In sharp con- 
trast to southern Arizona, several areas bord- 
ering the Great Lakes have on the average 
more than one hundred and sixty cloudy 
days a year, while in western Washington 
the number of cloudy days is greater than 
two hundred per year. This map is a re- 
drawing of one in the 1941 Yearbook of the 
Department of Agriculture, Climate and 
Man. (The Yearbook maps were made 
under the direction of J. B. Kincer.) 


because of greater convection in mountain- 
ous areas. On the Pacific Coast there are, 
on the average, three or four fewer hours of 
sunshine per summer day than there are a 
short distance inland from the coast, much 
of this difference being due to fog. The 
Great Plains are notably less cloudy in sum- 
mer than the East or the Rockies, proving 
that the author of ‘‘Home on the Range’’ 
was correct in his observation that there ‘‘the 
skies are not cloudy all day.”’ 

Map 6 shows that in winter the Great 
Lakes region and adjacent areas to the east 
and southeast receive less than four hours 
of sunshine during an average day, while the 
North Pacific coast receives only two to three 
hours a day. Florida is notably sunny in 
winter as compared with much of the North- 
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MAP 7. 


east, but the sunniest region is the South- 
west, with an average of 7 to 8.5 hours of 
sunshine per day. 

Map 7 shows the difference between the 
daily hours of summer and winter sunshine. 
This original map reveals that in Florida a 
summer day receives on the average only 
from two to three more hours of sunshine 
than a winter day but that near the Great 
Lakes the average for the summer is about 
six hours more than for the winter. Resi- 
dents of the Great Lakes Region naturally 
appreciate Florida’s sunshine in winter, but 
in summer they have about as much at home. 
The greatest regional contrast is seen in east- 
ern Washington, where the winter is very 
cloudy while the summer is almost as sunny 
as it is in southern Arizona. 

The final map, 8, shows the average num- 
ber of days per year of dense fog (based on 
the map in the 1941 Yearbook). It is seen 
that along the Pacific Coast twenty to fifty 
days have dense fog, but that in a broad 
western belt and in southern Florida fewer 
than five days a year have fog. The foggiest 
part of the East is Cape Cod, averaging more 
than sixty foggy days a year, but part of the 
Appalachians are almost as foggy. 

The influence of the Great Lakes on the 
amount of fog is interesting. The area to 


the south and southeast of the Great Lakes 
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has little fog, although it has relatively littl 
winter sunshine (map 6). Fogginess is 
greatest for this general region, according to 
this map, to the west of Lake Michigan and 
Lake Superior. Another interesting deta 

shown is the greater fogginess along the 
lower Ohio River Valley and the Mississippi 
River Valley above the mouth of the Ohio 
The Ozarks and the Black Hills also have 
evident influences, just as do the Appalach- 
ians, but effects of western mountain ranges 
are not evident. This suggests that th 
larger western valleys, in which most of the 
western Weather Bureau stations are situ 
ated, normally are too dry for fog. Hovw- 
ever, various lesser valleys at high elevations 
have much fog. 

Several influences conspicuously affect th: 
distribution of sunshine and cloudiness. In- 
creased distance from the equator affects the 
length of day and the average temperature 
In the north the relatively long summer days 
give more hours of summer sunshine but, 
conversely, their shorter winter days mean 
relatively fewer sunny hours. As the ¢a- 
pacity of air for moisture is doubled or 
halved with each change of eighteen degrees 
Fahrenheit in temperature, the higher aver- 
age temperature of the South makes for more 
sunshine than in the North because of greater 
vaporization of the atmospheric moisture. 
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As average temperatures decline sharply 
with increased altitude, there is a corre- 
sponding rapid decline in capacity for 
moisture, resulting in a general increase in 
cloudiness and fog in mountainous areas. 
Mountain cloudiness is also increased by 
convection. As the ocean and the Great 
Lakes are relatively warm in winter as com- 
pared with the nearby land, cloudiness and 
fog are greater over and near them, on the 
average, than inland. As cloudiness is a 
form of moisture, it declines on the average, 
with reduction in availability of moisture. 
Hence, between the ocean and the mountains 
there is more cloudiness than on the lee side 
of the mountains. This helps explain the 
relatively lesser cloudiness in the West. 
Much cloudiness is caused by convectional 
disturbances, the most conspicuous example 
of which is the thunderstorm. Hence, where 
there is sufficient moisture and air disturb- 
ance to yield thunderstorms, cloudiness is 
increased. As the relative coolness of the 
Great Lakes in summer interferes with the 
development of local convection and often 
weakens approaching thunderstorms, this 
condition helps make the lake region rela- 
tively sunnier in summer. Thus, although 
the lakes increase cloudiness during the 
cooler months, they reduce it in hot weather. 


Although data on cloudiness at night is 
inadequate, it is known that the drier parts 
of the country which are relatively sunny by 
day are even more generally clear at night. 
This is because where the air is dry, escape 
of heat from the earth is rapid as the sun goes 
down. As a result, the local convectional 
eurrents which are required to keep the 
clouds suspended, die away. Then gravity 
draws the cloud particles down to warmer 
air levels where they evaporate. Very often 
in all parts of the country the clouds clear 
away as night approaches. This is least 
common in the humid regions where dew 
formation liberates much latent heat and 
thus retards the cooling of the lower air. It 
is most common where there is relatively 
little moisture in the lower air. 

Another contrast in cloudiness not shown 
by these maps is in the density of the cloud 
eover. In the drier regions the clouds are 
often thin while in the cloudier East and 
Pacific coastal areas clouds are often so thick 
as to be ‘‘leaden.’’ Indeed, in these cloudier 
regions many thinly clouded days are re- 
corded as clear by the Weather Bureau’s sen- 
sitive photographie instruments, which con- 
tinue to operate. However, on such days 
high thin cloud may cut out a considerable 
fraction of the ultraviolet light. 








For some time to come ‘‘Science on the 
March’’ will be the experimental section of 
The Scientific Monthly; that is, we will ex- 
periment with it as to form and contents. 
We have a definite objective for ‘‘Science on 
the March’’; we wish to show a panorama 
of the advancing fronts of science in such a 
way that a scientist on one front may get an 
idea of the action on other fronts and anyone 
interested may get a bird’s eye view of the 
whole. If we could sit, like Zeus on Olym- 
pus, and see and understand all the diverse 
activities of science, we could approach our 
objective immediately ; but we are subject to 
human limitations and also to restrictions 
imposed by the war on the dissemination of 
scientific information. So at present we 
shall have to present a peep-show instead of 
a panorama. The more information we get 
from the officers at the various fronts about 
the progress of their units, the more nearly 
shall we be able to present the desired 
panorama.—Ebs. 
FOOD 

Throughout the world the great problem 
now is how to grow more food with less labor 
and materials. This involves related prob- 
lems on the kinds of food that should be pro- 
duced so as to get the greatest nutritive value 
with the least expenditure of time and effort. 
Then come the problems of food protection, 
preservation, and distribution. 

Research on food problems must now be 
devoted largely to answering pressing ques- 
tions, utilizing so far as possible the results 
of previous research and doing only the kind 
of experimental work that tells us ‘‘what’’ 
and ‘‘how,’’ but not ‘‘why.’’ For example, 
the study of the conversion of solar energy 
into food by the green plant must coast while 
we find out how to serve soy beans to replace 
meat. Practical short-term research on food 
thrives under organization and cooperation 
among different specialists: chemists, agron- 
omists, plant pathologists, entomologists, en- 
gineers, and so on. Thus we find the United 
States Department of Agriculture bringing 
together under the new Agricultural Re- 
search Administration most of the research 
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bureaus of the Department, so that d 
the war period the broad practical pr 
can be more readily recognized and diff 
specialists can be brought together to x 
them. It is to be hoped that the more 
vidualistic, long-term research problems 
not be forgotten and will be given fre 
after the war. 

Corn. One way to get more food wit 
increase in labor is to grow plants or rais 
animals that are inherently more produc 
of foodstuffs than those previously emplo 
or to grow a higher percentage of the bet: 
yielding varieties than was done before. 
example, by growing hybrid corn, w) 
nearly always outyields the open-pollinat 
varieties, six bushels of corn may be obtain: 
where five were produced before. Accord: 
to the Department of Agriculture, the pr 
tice of planting hybrid corn has expan 
tremendously during the war. It is esti. 
mated that in the year 1942 about 630 ; 
lion bushels of corn represented the bonus 
from the use of hybrid seed. Present 
search must deal with the problems of pro- 
duction of hybrid seed. What combinati 
of parent corn give the best seed for par- 
ticular areas? 

But that is not all. If disease or ins: 
should take a large proportion of the crop, it 
will have been to no avail to have used a 
inherently high-yielding hybrid. Hybrids 
differ in their susceptibility to disease and 
insect attack. So the corn breeders work 
with plant pathologists and entomologists ‘ 
develop hybrids that not only have the de- 
sired agronomic characteristics but also ar 
highly resistant to the pests that might at- 
tack them. In northwestern Ohio, where t 
European corn borer has been prevalent, it 
would no longer be possible to grow 01 
commercially, if borer-resistant hybrids had 
not been developed. With the spread of th: 
borer westward, Indiana and Illinois must 
revise their corn hybrids to meet the threat 
of this pest from Europe. 

After corn is grown and harvested it must 
be stored for a time. In the granaries, wee- 
vils may attack it. To keep these pests under 
control it is necessary to gas the insects 
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Whis is done by pouring or sprinkling upon 
the surface of the grain a volatile liquid 
Which will trickle down among the kernels, 
evaporate, and pervade the whole mass with 
Wapor toxic to the insects. The important 
ingredient of one new mixture is the same 
ubstance that is used for delousing soldiers’ 
clothing. Another promising liquid makes 
the eyes water, but it reaches the bugs. Still 
another is a liquid that is used primarily in 
the production of one of the synthetic 
rubbers. 

Milk. What is true of corn is in part true 
of cows. It is desirable to increase milk pro- 
duction because milk is a protective food 
which in many areas can be produced more 
efficiently than meat. We can get more milk 
without having more cows by replacing low 
producers with high producers. As the sci- 
ence of plant breeding leads to a greater 
yield of corn, so the science of animal breed- 
ing can increase milk production. Accord- 
ing to the Department of Agriculture the 
average production of the dairy cows of the 
United States is 4,700 pounds of milk per 
year. The more select cows of the Dairy 
Herd Improvement Associations yield almost 
twice as much on the average. Thus the 
possibility of great improvement in the gen- 
eral average of milk production is obvious. 
Research in animal breeding has shown that 
it ean be brought about by the use of proved 
bulls for propagation of dairy herds. The 
inheritance of a good bull can be greatly 
extended by the use of artificial insemination. 

Reports on some aspects of the British at- 
tack on the problem of milk production, de- 
scribed below, are condensed from a sum- 
mary by Professor John Hammond, F.R.S., 
physiologist of the Animal Nutrition Insti- 
tute, University of Cambridge, and Fellow 
of Downing College. 

The marked variation in seasonal produc- 
tion of milk in England has made it neces- 
sary to limit its consumption to an average 
of two pints per week per person during the 
late autumn and winter months. This sea- 
sonal shortage occurs because in winter many 
heifers and young cows do not go through the 
physiological cycle necessary for becoming 
pregnant. Injections of stilboestrol, a syn- 
thetic sex hormone, was suggested as a 

/ remedy but it proved to be ineffective. 


On the other hand, injections of prepara- 


tions of horse anterior pituitary gland or 
pregnant mare serum hormone (P.MLS.) 
have been shown to be very effective. Since 
supplies of these substances came mainly 


France, Denmark, and Holland, steps 
] 


had to be taken to obtain loeal supplies 


from 


Large numbers of small wild ponies, in 
which the concentration of P.M.S. 
is higher than in larger horses, were avail- 


able in Wales and the New Forest in Hamp- 


were 


hormone 


shire, but, as the dates of service un- 
known, an accurate method of determining 
The 


method of rectal palpation of the uterus was 


the stage of pregnancy was required. 


satisfactory, and supplies of serum were col 
lected and prepared for use. 
The effects of P.M.S. hormone on a 


depended on the stage of the physiological 


COW 


eycle of the animal at the times of the injec- 
tion. When an injection of P.M.S. hormone 
was made in early or mid-cycle, no ovulation 
occurred. If an injection was made towards 
the end of the cycle, several follicles ripened 
By adjusting the 
time and dose, twin and triplet calves have 
been obtained, but the frequency of sterile 
female (freemartins) and 
which are not wanted by the dairy industry, 


and all ovulated together. 


calves males, 


is thereby increased. 
however, it would be desirable to get as many 
There- 
fore injection of P.M.S. hormone may become 
commercial practice in England when the 
supply of feeding-stuffs for beef cattle again 
becomes normal. 
Somewhat similar 


For the beef industry, 


sound offspring per cow as possible. 


have been ob- 
tained with sheep, but goats, however, can be 
pregnant the 
normal mating period by one injection of 
P.M.S. hormone. Such injections have been 
found useful to the winter milk 
supply. Maiden goats can be brought into 
milk within the space of a few weeks by 
treatment with a cheap synthetic sex hor- 
mone, such as stilboestrol. 


results 


eaused to become outside of 


inerease 


F.L.( re 


SYNTHETIC SEX HORMONES 
Substances that influence the reproductive 
cycle in animals are known as sex hormones 
According to John Harley- 
Mason of Cambridge University, England, 


or oestrogens. 
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they are secreted by the anterior lobe of the 
pituitary gland (gonadotrophic hormones) 
and by the sex glands themselves. Male sex 
glands secrete testosterone and oestrone, and 
female glands produce oestradiol. 

The gonadotrophic hormones are, as it 
were, the prime movers; passing from the 
pituitary into the bloodstream, they cause 
the gonads to produce their respective secre- 
tions. If these hormones and the hormones 
of the sex glands could be made in the labora- 
tory, the way would be cleared for treatment 
of reproductive disorders in man and ani- 
mals, and for modification of the repro- 
ductive cycle of animals to suit the needs of 
man. Much chemical research has been done 
in England and other countries on the de- 
termination of the molecular structure of 
natural sex hormones and on the building of 
identical or similar synthetic molecules. The 
structures of the gonadotrophiec hormones 
are still unknown, but those of some of the 
sex gland hormones are now understood and 
oestrone has been synthesized. 

Since the synthesis of sex gland hormones 
is a matter of great difficulty, two British 
organic chemists have been working on syn- 
theses of compounds that have some simi- 
larity to the known structure of the female 
hormone, oestradiol, hoping to produce some 
substances that will have the same physiolog- 
ical effect as oestradiol and at the same time 
will be commercially feasible to produce. 

Injecting their synthetic compounds into 
female mice and observing wh@bher pro- 
liferation of the cells lining the vagina oc- 
eurred, they found that one compound, 
which is called stilboestrol, had almost the 
same effect as the natural oestradiol. Stilboes- 
trol, the full chemical name of which is 4: 4’ 
dihydroxydiethylstilbene, can be quite read- 
ily synthesized in five stages from easily 
available materials. 

Application of stilboestrol for increasing 
milk production in goats was noted above. 
This compound and a similar one, called 
hexoestrol, are now widely used clinically in 
sexual disorders of women and, according to 
Harley-Mason, have proved highly suc- 
cessful. 

A derivative of stilboestrol, known as di- 
ethylstilboestrol, also originated in England. 
According to the United States National 
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Cancer Institute, diethylstilboestrol may }. 
useful for treatment of cancer of the prosty:, 
gland. Since experiments so far made y: 
it have not always cured the disease nor oy, 
given temporary relief from pain and 9; 
symptoms, it would be premature to say th, 
diethylstilboestrol is the answer to this pr 
lem. 

FL 


THE JOHNS HOPKINS UNIVERSITy 
SCHOOL OF MEDICINE 

Science marches on many fronts—in ;{ 
study or the laboratory of the recluse, in t) 
shelter of university halls, in the industri, 
laboratory, in the association of scholars as 
school, an institute or a foundation. Medica! 
science in America has never marched wit 
higher purposes or greater strides than 
The Johns Hopkins University School ¢; 
Medicine, which has recently celebrated th 
fiftieth anniversary of its founding. 

The Johns Hopkins University opened its | 
doors to students of the arts and sciences j 
1876, and the doors to the School of Medicine 
in 1893. In the establishment of the wi. 
versity, and of the school of medicine as well 
a new note was struck in American educatio: 
and medical science. The whole institutio: 
was dedicated to research and scholarship 
the highest possible plane; it was a plac 
where the most promising young scientists 
would work under the most eminent scholars 
The standards set by this institution during 
the first twenty years of its existence trans- 
formed the ideals for graduate schools in 
American universities. 

The Johns Hopkins University School 
Medicine was not the result of an inspiration 
speedily executed. It was contemplated 
from the opening of the University in 1876; 
the first definite steps toward the organiza- 
tion of a medical faculty were taken by Pres 
ident Daniel C. Gilman in 1884, and the Uni- 
versity Hospital was opened in 1889, but the 
School of Medicine was not formally opened 
until six years later. In this long interval a 
department of chemistry was established 
under Ira Remsen; William H. Howell was 
appointed Professor of Biology ; and William | 
H. Welch, Professor of Pathology, began t 
organize broad courses in bacteriology, pa- 
thology and related fields. Preparatory t 
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ppening the School of Medicine in 1893, Dr. 
Welch gathered around him such men as 
William T. Councilman, Franklin P. Mall, 
Bimon Flexner, William Osler, Howard A. 
Kelly, and John J. Abel and recalled Wil- 
liam H. Howell from Harvard. These are 
great names in American Science. Council- 
man, Mall, Flexner, Abel, and Howell were 
members of the National Academy of Sci- 
ences; Welch was its president during 1913- 
1917. Welch, Flexner, and Abel were elected 
to the presidency of the American Associa- 
tion for the Advancement of Science. 

For the first time in American medical 
education all professors conducting pro- 
clinical courses were devoting their ‘‘entire 
time and strength,’’ to use President Gil- 
man’s words, to their work as scientists. In 
other institutions courses in medicine were 
given almost entirely by practicing physi- 
cians. The new methods were later extended 
to the major clinical departments. This in- 
novation at The Johns Hopkins University 
School of Medicine spread until it revolu- 
tionized medical education in this country. 
As early as 1902, only seven years after the 
School of Medicine opened its doors to stu- 
dents, Charles W. Eliot, President of Har- 
vard University, speaking at ceremonies on 
the retirement of President Gilman, said: 


The twenty-five years just past are the most ex- 


‘traordinary twenty-five years in the whole history 
- of our race. 


Nothing is done as it was done twenty- 
five years ago; the whole social and industrial or- 


}ganization of our country has changed, but among 
/all the changes there is none greater than that 


wrought in the development of medical teaching and 
research; and these men whom you, sir, summoned 
. . Among the achievements 


/of Johns Hopkins University in the last twenty-five 


years, let this improvement of medical teaching be 


counted as one of superb beneficence. 


Ns ROG a ws 





/ 2,918 men and 361 women. 


Measured by dry statistics, The Johns 
Hopkins University School of Medicine has 
given the degree of Doctor of Medicine to 
This is indeed a 
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considerable army of medical men and wo- 
men, but they have not been an army of pri- 
vates keeping weary steps to beating drums. 
On the whole they have been high officers, 
moved by more varied and richer tones, who 
have led the medical forces of a continent to 
unexpected heights. The effects of the wis- 
dom and the pursuit of the high ideals of Gil- 
man and Welch and their many associates 
today reach directly and indirectly not only 
throughout our land but into all of our far- 
flung battlefronts. 

FRM. 


ROACHES 

The prevalent method for wiping out an 
infestation of German roaches is to distribute 
a powdered insecticide in or near the cracks 
in rooms inhabited by these pests. <A svit- 
able powder properly applied will exterm- 
nate the insects in a few days, but powder 
deposits are untidy. Moreover, one of the 
preferred ingredients is temporarily difficult 
to obtain and the other is thought to be a 
menace to health when used in kitchens 
where the little dark-brown roaches are most 
numerous. 

A neater and safer, but slower, method of 
roach control, was recently demonstrated by 
the inventor. For his demonstration he 
chose an infested kitchen. He filled ordinary 
test tubes with a weak solution of boric acid 
in water, plugged the tubes with absorbent 
wads, and distributed them inconspicuously 
in the kitchen. In about three days dead 
roaches were seen on the floor and at inter- 
vals for several days thereafter bodies of ad- 
ditional casualties were swept up until the 
kitchen was practically roach free. In prin- 
ciple: the roaches must drink water; unable 
to distinguish boric acid solution from tap 
water, they imbibe the former freely from 
the wet plugs of the test tubes. And so they 
meet an unnatural but timely end. 

C. S. BARNHART 












BOOK REVIEWS 


MAN AND SOCIETY}? 


THE book consists, as explained in the sub- 
title, of ‘‘observations and reflections on 
man’s nature, development and destiny.’’ 
Its contents are presented in three parts, the 
first of which deals with the human species, 
its subdivisions and evolution; the second 
with individual development and heredity; 
and the third with a general philosophie dis- 
course on a multitude of subjects which lie 
close to the heart of anyone who ever won- 
dered about man and society. The book is 
written in a smooth, readable style and is 
apparently intended for the average non- 
scientifie reader. 

Professor Conklin is well known to many 
sections of the reading public. His scientific 
work in embryology occupies an important 
place in the development of American sci- 
ence, and his long career as professor at 
Princeton University has earned for him a 
worthy niche in the teaching of science. 
Aside from this, Professor Conklin has per- 
formed valuable service as president of the 
American Philosophical Society and has been 
useful in inspiring many scientists with re- 
spect for and even interest in social and 
philosophical problems, an inspiration badly 
needed in an age which extolled technical 
specialization and regarded with suspicion 
all concern with cultural and philosophical 
questions. 

And yet, in spite of the author’s record, 
the book is far from being satisfactory and 
suffers from many defects common to the 
efforts of many biologists who venture to 
write on the subject of what man is. To 
begin with, biologists seldom pay adequate 
tribute to anthropological findings. Stress- 
ing as they do the biological aspects of Homo 
sapiens, they emerge with biological material 
which is very interesting but hardly relevant 
to man’s uniqueness. Few scientists who 
have devoted much thought and research to 
this question can fail to reach the conclusion 
that the distinctly human aspects of man 
ean be described far more stimulatingly and 


1 Man, Real and Ideal. Edwin Grant Conklin. 
264 pp. 1943. $2.50. Charles Scribner’s Sons. 





soundly by anthropological data of culty. 
patterns, their origin, diversity, spread 
disappearance, than by a study of embryy) 
ogy or even genetics. Yet few biolog 
have shown awareness of this point and ; 
continue to talk of man in terms of the z 
logical sciences. 

As a result of such oversight, when p| 
sophically minded writers on biology ¢ 
discuss, as does Professor Conklin in the 
ter part of this volume, the question 
human values, religion, the role of tradit 
humanitarianism, militarism, racism, or | 
ecapism, all they have to offer is perso 
judgments eked out of subjectivity and | 
sessing no roots in evidence even of a con 
troversial nature. To add to the futility o 
such intellectual ruminations, the discussions 
are usually repetitions of what has bee 
heard hundreds of times before and conti 
no new stimulation or challenge. 

Most of the philosophical problems rais 
in Man, Real and Ideal are stale. One ma 
venture to say that few of them will sx 
new to any reader, regardless of how avera 
he may be and how interested he may be 
reading books with a title such as this 
Even the subject of the meaning of religion 
to man is handled with a timidity which 
reminiscent of the last decades of the nine- 
teenth century when people who arrogated ‘ 
themselves the label of the vanguard of prog. 
ress declared faith to be the ‘‘opium of th 
people.’’ Surely anthropology and the his 
tory of science and ideas in our own culture 
have much to say on this subject and reac 
different conclusions. The evidence for or 
against the validity of this slogan, inscribed 
on the walls of the Red Square in Moscow in 
the early days of enthusiasm, can be weighed } 
in the light of historic and social data requir 
ing no apologies or hedging. 

Even from a strictly biological angle it | 
possible to write a general book on man and 
bring out some salient scientific problems 
which are relevant to our understanding 0! 
the subject and which stimulate the mind 
Yet from this point of view as well, Ja", 
Real and Ideal can hardly be considered suc 
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BOOK REVIEWS 


The mystery of development which 


cessful. 
jt presents sketchily is not sufficiently linked 
to human conduct to make it stimulating. 
The physiology of sensation, a far greater 
and more basic mystery so far as human be- 


havior is concerned, is untouched. Evolu- 
tion is discussed, but in terms of orthodox 
natural selection without taking cognizance 
of the major difficulties it is still confronted 
by and the newer experiments and ideas 
bearing on its limitations and possibilities. 

As a result of these omissions, the book 
makes for smooth but superficial reading. It 
is difficult to see how the reader can carry 
away even one stirring thought on the sub- 
ject of man which would make him feel that 
he has learned anything. One cannot disa- 
gree with Professor Conklin’s ideas, his social 
values, or judgments. The book radiates a 
humanitarian and democratic social philoso- 
phy, a broadmindedness often lacking in 
such subjective accounts. Consequently 
there are no jarring and impassioned false- 
hoods, no perversions of truth because of 
fanaticism or over-enthusiasm. But these 
virtues are not sufficient to cover its inade- 
quacy in substance. 

Mark GRAUBARD 


BIOLOGY OF THE ITCH MITE* 


THIs is a timely volume on the itch mite 
of man, by an author who has contributed 
much to our knowledge of this obnoxious 
parasite. Beginning with a consideration 
of the mites in general, the author then 
reviews the very early literature on the itch 


/mite, starting with the seventeenth century. 
_In so doing he gives reproductions of many 
‘figures published by the early workers, some 
of which are very quaint, even fantastic. 


rh 


In the latter part of the volume the reader 


‘finds an extended treatment of our modern 
_knowledge of the biology and anatomy of 


| this mite, which, surprisingly, is referred to 


‘<ceiagany 


as Acarus scabiet. This is done notwith- 


' standing the fact that in opinion 113, of the 


aie 


International Commission on Zoological 
Nomenclature, the time honored generic 
name of Sarcoptes was declared the proper 
one for scabiet. 

Studies of the biology of the different 


* Biology of Acarus Scabiei. Reuben Friedman. 
Illustrated. 183 pp. 1943. $3.00. Froben Press. 
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forms of Sarcoptes have revealed a very in- 
teresting picture from the standpoint of 
All the forms of 
Sarcoptes which occur on man and domestic 


taxonomy and evolution. 


animals are anatomically so nearly alike that 
the slight differences between them, if and 
when present, are almost completely con- 
eealed by individual variations. Yet each 
of these forms is to a certain degree specific 
in its host relationship. The situation is 
very similar to that of geographical racia- 
tion, where the morphological differentiation 
is but slightly indicated. Possibly the term 
‘host raciation’’ could be applied with pro- 
priety to it. The method of attack of the 
itch mite of man is very different from that 
of any other mite which attacks him in that 
the female tunnels under the surface of the 
This is in sharp contrast to the method 
They do not penetrate 


skin. 
of attack by chiggers. 
the skin but attach themselves to it by means 
of their chelicerae, in the manner of a tick. 
Although no bibliography accompanies the 
text of this book, many footnote references 
are given to the literature cited. 
H. E. Ewina 


MICROBIOLOGY FOR NURSES* 

WirTH the creation of the United States 
Cadet Nurse Corps by Congress near the 
close of the last session it is only natural to 
find a marked increase in the number of text- 
books in the field of nursing: new books and 
revised editions. This textbook belongs un- 
der the latter designation, being the third 
edition of a book enjoying a rather wide 
adoption. 

The material covered is divided into two 
parts: first, the general principles of infee- 
tion, resistance, and disinfection; second, 
microorganisms of medical importance. In 
the preface the author indicates certain fea- 
tures which have been retained or introduced 
for a specific purpose. One of these is the 
practice of indicating in the body of the text 
the derivation of technical terms. This is of 
undoubted help to the student, although it is 
well known that the derivation of a word 
does not necessarily convey its present mean- 
ing. An extension of this treatment to the 

* Microbiology. A Textbook for Nurses. Royall 
M. Calder. Third Edition. Illustrated. 317 pp. 
$2.50. 1943. W. B. Saunders Company. 











84 


terms of pathology as well as those of micro- 
biology would be of further use, bearing in 
mind that in most instances the students 
have just finished high school. 

The discussion of the hypersensitive state, 
including anaphylaxis and serum sickness, 
in the chapter ‘‘Mechanisms of Bacterial 
Pathogenicity’’ is distinctly out of place but, 
unfortunately, this topic is nowhere given 
adequate attention. The nonspecific defen- 
sive mechanisms of the body are very briefly 
treated. Surely inflammation should be con- 
sidered among them, together with the ac- 
tivity of the fixed phagocytes of the tissues. 
Phagocytosis is taken up only as an intro- 
duction to the descriptions of the opsonins. 
In the discussion of the antigen-antibody 
complex and its application to skin tests, the 
general statement that ‘‘whenever antigen 
and antibody come into contact with each 
other in the presence of living body cells, 
damage is done,’’ is immediately contra- 
dicted by the explanation of the Schick and 
Dick tests. The chapters on the destruction 
of bacteria are clear and well planned. The 
discussion of the use of steam under pres- 
sure, however, is inadequate. The erroneous 
impression that ‘£15 pounds pressure for fif- 
teen minutes’’ are sufficient for sterilization 
ean hardly be avoided. Under ‘‘intermittent 
heating,’’ no mention is made of the fact 
that the materials being treated must be able 
to support growth if spores are to develop 
into vegetative cells during incubation. The 
author’s insistence on the use of tincture of 
iodine, and not alcohol alone, for skin disin- 
fection, and of cresol for the disinfection of 
thermometers is to be highly commended. 

The common and important pathogens 
have been included in the second part of the 
book. In each chapter, the special nursing 
problems incident to the disease in question 
are listed. The segregation of the venereal 


THE SCIENTIFIC MONTHLY 


diseases in a separate chapter is open to sop 
question. If this is done, to be consistent +), 
respiratory as well as other types of disea; 
should be classified similarly. The dis 
sion of food poisoning seems out of pla 
the chapter on Clostridia. 

There are a number of errors in the | 
of which the following will suffice as an 
ample. Surgical removal of the infected ¢ 
bladder never ‘‘sterilizes’’ the intest 
tract. Better integration of clinical 
pathological findings with bacteriolog 
data would prevent the impression given 
page 215 that laboratory tests constitute + 
final diagnosis of such diseases as syphilis 

The book is exceptionally well print 
well bound and of a convenient size. 

Maucotm H. Sov. 


ANIMALS OF THE ROCKIES* 

A busy twenty-two years among the larg 
game of the Western United States gives 
forest ranger, who liked his job and did i: 
background for a most engaging book. 

The author took every advantage of 
opportunities to observe these creatures ani 
he knows how to tell about them. In thirt 
five chapters the reader meets personal 
bears, comic and terrible; elk, single and i 
herds; deer, antelope, mountain sheep a! 
goats. 

He encounters bankers and _ buffaloes 
eatches poachers, doctors sick wild deer, finds 
a lost herd of thousands of antelope. 

This is a spendid book, replete with int 
mate facts about the animals and told in 3 
manner that makes one want to keep on 
reading. 

The photographs taken by the author ar 
a fitting accompaniment to the tales. 

Wim Many 


* Wild Animals of the Rockies—Adventures « 
Forest Ranger. William Marshall Rush. Illustrat 
ix +296 pp. 1942. Harper & Brothers. 
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PLATES AND FILMS 


for 


Spectrum Analysis 


he Eastman Kodak Company makes a numbe: 

of plates and films which are suited to the 
various requirements of spectrum analysis. One of 
the most recent of these products is Kastman Spec- 
trum Analysis Film, No. 2. It has good speed, mod- 
erate contrast, and medium resolving power and 
granularity. Its contrast and wave length charac- 
teristics are very uniform throughout the spectral 
region \2400A-\4400A. 

Particulars concerning this and other films 
and plates for spectrum analysis will be forwarded 


promptly upon request. 





EASTMAN KODAK COMPANY 


Research Laboratories Rochester, N. Y. 
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Missing cian 





ma | 


what that can mean. 


issing in action.” You know 


Mom says you must be brave. 
‘It's what your father would ex- 
pect of us,” she tells you when it’s 
bedtime and your chin starts to 
feel shaky. Then she kisses vou 
extra hard and turns her head 
away so you can't see her eyes. 

You've never let her see you 
cry. Not once, since that tele- 
gram came and she twisted it all 
up in a ball, then smoothed it and 
put it in the desk. 

But, lying in bed, you play 
‘Pretend’’—pretend you can hear 
his step as he comes up to your 
room—pretend you can feel a 
stubble brush your forehead. And 
sometimes, in the dark, you can 
almost smell a cigarette-y suit 
close to your face, 





Later you dream—dreams that 
vou don’t tell about. And in the 
morning you wake up with that 
funny, empty feeling in your 


stomach. x x x 


Poor little guy. We—all of us— 
wish there were something we 
could do. Perhaps there is. Why 
shouldn't it be this? 

We can resolve that the plans your father had for you shall remain 
within your reach, that you shall have the chance to grow and learn, that 





your opportunities will be bounded only by your own get-up-and-go, that 
you will progress and prosper in direct relation to your own ability—in 
a land of freedom and opportunity. 

Those are the things your Dad valued, the things for which he gave 
his life. Though some may strive to change all that—provide you with 
the “benefits” of an all-powerful government, the “advantages” of regi 
mentation, the “blessings” of bureaucracy—we can resolve they won't 
succeed. 


¥ * 

You, son, won't read these words, and if you did, they wouldn't mean much to you 
now. But your father’s friends—known and unknown—are making you a promise, 
just the same. 

You may never hear it from their lips. But if you were older you would read 
in their faces—recognize it in their spirit. They are determined to keep America 
free. To keep it a land in which government is the servant, not the master of the 
people. To keep it the kind of America your Dad wanted to preserve—for you 


CHESAPEAKE AND OHIO RAILWAY 


CLEVELAND, OHIO 
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THE SEARCH 


7eAT 


NEVER ENDS 


, In THE industrial life of America, research 
has been of constantly increasing impor- 
tance. And today it is a national resource, 
for the research of industrial and college 
laboratories is proving its value in War. 


To the Bell System, research is an old 
idea, for the telephone itself was born in a 
laboretory. Behind its invention, sixty-nine 
years ago, were researches in electricity and 
acoustics and in speech and hearing. 


And, ever since, there has been a labora- 
tory where scientists have searched to know 
more about these subjects; and with their 
associated engineers have applied the new 
knowledge, fitting it with all the old, to 
make the telephone better and better. 


Their fields of inquiry have broadened 
and deepened through these years; they 
inquire into all the sciences and engineer- 
ing arts which have any promise of improv- 
ing the telephone. Much has been learned 
but still more will be, because their search 
goes on. That is why the telephone labo- 
ratory grew to be Bell Telephone Labora- 
tories, Incorporated, the largest industrial 


BEL L 





7BLEPHON E 
(4). “Research is an effort of the mind to comprehend relationships no one has previous! 


aS known; and it is practical as well as theoretical.’ 


VONTHLY) Xi 
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an 


laboratory in the world. And it exists to 


improve telephone service. 

Improvements in industry can be left 
to chance in the hope that some one, some- 
time, will think of something useful; that 


some good invention will turn up. 


The other way to make improvements 
is to organize so that new knowledge shall 
always be coming from researches in the 
fundamental sciences and engineering arts 
on which the business is based. From that 
steady stream will arise inventions, new 
methods, and improved products. 

This is the way of Bell Laboratories. Its 
search will never end. And as fast as it can 
the Laboratories will apply its new knowl- 
edge practically to the design of equipment 
and communication systems. 

At present—and this started before Pear] 
Harbor— its trained scientists and engineers 
and all their skilled associates are concen- 
trating on products of importance to our 
armed forces. But when this work is happily 
over they will be ready to continue their 


developments for the needs of peace. 
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BELL TELEPHONE LABORATORIES 
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RECENT PUBLICATIONS 
CARNEGIE INSTITUTION OF WASHINGTON 


WASHINGTON, D. C. 


Pub. No 527. Gentry, Howard Scott. Rio Ma 
524. Papers from Tortugas Laboratory, Plants. A study of the Flora 
Vol. XXXITI. Octavo, i111 + 195 pages, Vegetation of the Valley of the 
7 plates, 73 text figs. Price $1.50, Mayo, Sonora. Octavo, vii + 328 pag 
paper; $2.00, cloth. 29 plates, 6 text figs. Paper, $2 
I. Harold W. Manter.—Gastero 543. Ruppert, Karl, and John H. Denis 
stomes (Trematoda) of Tor Jr. Archaeological Reconnaissance i 
tugas, Florida. Campeche, Quintana Roo, and Pete 
II. Leonard B. Clark and Walter Quarto, vii+156 pages, frontispi 
N. Hess—Swarming of the At- 75 plates, 126 figs. Paper, #4.: 
lantie Palolo, Leodice fueata, 550. Martin, Emmett. Studies of Evap 
(Ehlers). ration and Transpiration under Co) 
IIT. Lecnard B. Clark and Walter trolled Conditions. Octavo, iii 
N. Hess—The Reactions of the pages, 17 text figs. Paper only, $0.4 
Atlantic Palolo, Leodice fu 555. Biological Results of the Last Cruis 
cata, to light. of the CARNEGIE. Biology—IV. s 
IV. Ralph Wichterman—Cytologieal entific Results of Cruise VII of 
Studies on the Structure and CARNEGIE during 1928-1929 und 
Division of Three New Ciliates Command of Captain J. P. A 
from the Littoral Earthworm of Quarto, v + 92 pages, 3 plates, 26 figs 
Tortugas. 5 maps. Paper, $1.00; cloth, $1.50 
V. Ralph Wichterman—A New Cil The Carnegie Institution of Washingt 
iate from a Coral of Tortugas Washington 5, D. C., has published some 8 
and its Symbiotic Zooxanthellae. volumes covering the wide range of its 
VI. John H. Davis, Jr.—The Ecol searches. Orders may be placed direct 
ogy of the Vegetation and To through regular dealers. Advise subject 
pography of the Sand Keys of in which you are interested, and catalog 
Florida. will be sent upon request. 














LANGUAGES FOR TECHNOLOGISTS 


Post-War opportunities for scientists and technically trained men and women in every 
part of the world will go by preference to those who speak another language. 
In your own home and your own time, learn to speak any of 29 European and Asiatic 


languages quickly, easily, correctly by the world-famous 


LINGUAPHONE CONVERSATIONAL METHOD 


Endorsed by educators and used by Allied Nations armed forces and other services, the 
amazingly simple Linguaphone Method gives you a sound, practical and immediately 


serviceable command of such languages as— 


Spanish German Russian 
Portuguese Italian Chinese 
French Norwegian Malay 


and 20 other languages 


Save time, work and money in preparing for an interesting and profitable career in the 
rehabilitation of a war shattered world. 


Send for FREE book. 


LINGUAPHONE INSTITUTE 


113 RCA Building Rockefeller Plaza New York 20, N. Y. 
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